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FOREWORD 
i 

I 
This   report  was prepared by  the  staff of  the  Fluid  Power  Research 

Center  of  the  School of  Mechanical  and Aerospace  Engineering at  Okla- 
homa State  University  of  Agriculture  and Applied  Science.     The   study ' 
was  initiated by   the Mobility  Equipment  Research and  Development  Cen- 
ter,   Fort  Belvoir,   Virginia.     Authorization   for  the  study  reported here- 
in  was  granted  under  Contract  No.   DAAK02-72-C-0172.     The   time  period 
covered  by  this   report   is   from 9 November   1972   to   8 November  1973. 

The   Contracting Officer's   Representative  was Mr.   Hansel Y.   Smith, I 
and Mr.  John Karhnak  served as  the Contracting Otricer's  Technical 
Representative.     In  addition,  Mr.   Paul Hopler  has  effectively  repre- 
sented   the  Contracting Officer both  administratively  and technically 
in various phases of   this  contract.     Tne  active  participation  of  Messrs. 
Smith,   Karhnak,   and Hopler during  critical  phases of  this work  con- 
tributed significantly  to  the  overall success of   the program.   Project I 
members  are  grateful   for  the  assistance  of  Mr.   Sam Wehr,   U.S.   Army MERDC, 
and Mr.   John   Hufeld,     Caterpillar Tractor Co. 

In  addition to pursuing  the  goals and objectives  of   this  contract 
to   fruition,  members  of  the Fluid Power Research Center   (FPRC)   staff 
have  also  participated  with MERDC personnel  in various  activities not 
supported by  the program.     These efforts ware  financed  through the  Basic 
Fluid  Power Research  (BFPR)   Program,  which  is  a  consortium of  some   35 
industrial   fluid  power users  and suppliers who have  sponsored work  at i 
the  FPRC for the past  seven years.     These  companies have   recognized the «| 
merits  and the  derivable  benefits  of  this Hydraulic Specification  Study 
Program and have  readily  contributed both  time   and money  to  its  success. 

A great many  fluid power  component  test procedures have  been develop- 
ed and verified  as  a  result  of  this program.     The  guidance  and advice 
of  the  fluid power industry were heavily relied upon during all phases 
of  this development and verification work.   However,true Industrial ac- 
ceptance   can  only  be  achieved when  such  test  procedures  receive national 
and  international  adoption  by  recognized  standard-making bodies of   the 
fluid power  industry.     To  this end,  members of  the  FPRC staff have worked 
closely with  th0- National  Fluid Power Association   (NFPA) ,   the  society 
of  Automotive  Engineers   (SAE),   the  American  National   Standards  Institute 
(ANSI),   and the  International  Standards  Organization   (ISO) . 

Specifically,   in   behalf of MERDC and  the   fluid power  industry,   the 
FPRC has played  an active  role  in the activities of  the  following com- 
mittees  and sub-committees: 

* Filter  and Separator Section of NFPA 
* Contamination  Coordinating Committee  of  NFPA 

i d   ftirMtnmm frfiailm* 
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* Pump  Section  of  NFTA 
* Valve   Section   of   NFPA 
* Sound Measurement   Coordinating  Committee 
* Sub-Comraittee   IV  (hydraulic  Components)   of   SAE 
* Sub-Committee  6  of  TC  131   (Fluid  and  Contamination 

Control)     of   ISO 
* Sub-Commit toe   8 of  TC  131   (Component  Testing)   of  ISO 
* Working Group  1  of   SC-6   (Filter Performance Testing) 

ISO/TC 131 
* Working Group  1  of   SC-8   (Sound  Measurement)   ISO/TC  131 

During  the   reporting period of  this document ,   the main efforts 
in  technical  information  transfer have been  directed   toward  the   areas 
of   filter performance,   pump  contaminant  sensitivity,   valve  performance, 
and sound measurement.     The   results  of   this work,   to  date,   served  as 
the  basis  for eight   nationally  and  internationally  accepted   test   proce- 
dures.     The   fruits  of  such accomplishements  should prove  very  beneficial 
to MERDC in  theiv quest  for adequate  component   control   In  the procure- 
ment  of  conmercial   equipment. 

The  FPRC team has  also  assisted MERDC in  their effort   to effect- 
ively  monitor and evaluate   the   results  of  tests  using  tost procedures 
developed under  this program.     For example,   a  computer program was 
developed which  rigorously examines   the  data accumulated  during  a multi- 
pass   filter performance   test.     This  program not  only  reduces  the  data 
to  a usable   form but   also evaluates  the  recorded data  to see  that  all 
of   the   test   requirements have  been met.   The  success  of   this   computer 
program  together with  the  industrial acceptance  of   the   filter  test pro- 
cedures has   allowed  MERDC  to  issue  a military   filter specification  and 
establish  a well  received QPL program. 

This report represents only one of four major sections of the annual 
report on the Hydraulic Specification Program. The titles of the various 
sections  are  listed  below: 

SECTION I:     Hydraulic  Cylinder  and Seals   Specification  Study 
SECTION II:     Hydraulic System Controls  ütudy 
SECTION III:     Hydraulic System Noise  Study 
SECTION  IV:     Hydraulic Hose  Specification Study 

The study represented by  this report wos  conducted under the  gen- 
eral guidance  of  Dr.   E.   C.   Fitch,  Program Director.     Mr.   L.   R.  Elliott 
served  as Project Engineer  for  the noise study  and was  commendably guided 
by   Mr.  G.E.  Maroney,  Program Manager.    Dr.  Fitch,  Mr.   Maroney,   and Mr. 
Elliott were  ably  supported by  the Fluid Power Research  Center's Acous- 
tics  Laboratory,  experimentally by Mr.  T.  G.  Snyder,  Mr.   J.   R. Wells, 
and Mr.   S.   E.  Smith,   and  in  general  coordination by  Mr.   R.  K.  Tessmann. 

This  report  presents  s  detailed account  of  the experimental veri- 
fication part  of   the hydraulic noise  study.    Test procedures  for the 
measurement  of hydraulic component noise developed under this  contract 
are presented  and experimentally verified.     A summary of  the work per- 
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formed on measurement facility verification is presented.  The acousti- 
cal properties of selected military fluid power components are presented 
and compared to a spectrum of current production components from indus- 
try.  Specific recommendations are made for continuing the effort to 
understand and control hydraulic noise. 
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Qiapter  I 

INTRODUCTION 

The   importance  of  understanding  the  generation,   transmission,   and 
radiation of  acoustic energy  within  and  from fluid  power  systems  is  in- \ 
creasing as   the engineer  in   industry  solves  the  non-fluid  power oriented 
noise  problems on  current  production mobile equipment.     The  noise  prob- 
lems  associated with  fluid power  systems   can be  somewhat  more   complex 
than other noise  problems  on mobile equipment,   due   to   the  high   concentra- 
tion of  energy within  a  relatively small volume  and   the  necessity   to 
distribute   that  small  volume  and,  hence,   the energy   to  all  parts  of  a 
machine.     The  magnitude  of   the  difficulties  that  are   to  be  encountered 
during  the  solution of  any  fluid  power system problem is  evident  only af- 
ter one  realizes  that   fluid power sy-•"ems  are not point   sources  of  noise. 
Ihey are  highly distributed  and   interact  with other  systems  and  the I 
total machine.     A knowledge  of  the  interactions  betweea  components with- I 
in  a given  system and   the  interactions  of  total  systems  is  mandatory  for | 
proper solution of noise problems in complex machines.     The  starting j 
point  to  understanding  these  interactions is,   logically,   the  measurement I 
of  the  acoustical   characteristics  of   the  components  that  make  up  fluid 
power systems  and   the   systems  which might  interact with  the   fluid power 
system.     The  intelligible  acquisition of  this  type  of   information is 
based  to a large  degree  upon the  validity of  the  data  acquisition method 
used. 

The  development  of  acceptable measurement   techniques  is  a necessary 
and desirable  by-product  of   the  program objectives   that  are  diagrammed 
in Fig.   1-1.     The  combination  of   basic acoustical  theory  into  a usable 
and  reliable  form of   test  procedure was  the  initial  and has  been a con- 
tinuing effort at  the  Fluid  Power  IU-earch Center.     Discussion  of  the 
current  status of   the  proposed airborne  and  fluid-borne  noise measure- 
ment procedures  is  presented  in   Chapter II  of  this  report.     Drafts of 
the  airborne  and   fluid-borne   test   procedures  are   found in  Appendices F 
and G respectively. 

Prior  to  implementing the  test  procedures  discussed  in  Chapter II, 
the  test environment  in which  the measurements  are  to be  obtained must 
be evaluated  to  determine  its  suitability as  an  acoustical   test   facility. 
A discussion of   the  International Organization  for  Standardization   (ISO) 
Recommended Techniques   for verifying the measurement properties  of  acous- 
tical  test  facilities  and an experimental  technique   for optimizing rever- 
berant environment  diffusivity  are  presented  in Chapter III  of   this   re- 
port.     The  results of  the   application of  both  the  optimization procedure 
and  the  proper verification procedure  on  the  Fluid Power  Research  Center's 
reverberant  test   facility  are  discussed in detail. 

Preceding page blank 
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The  ace  sticrJ  evaluation o£  specific  components   from the military 
D7F Crawler Tractor   (DV29)   and the  comparison of   their properties with ot- 
her production   components   from the   fluid  power  industry have  been major 
objectives of   the  1972-73  program.     These objectives  are   graphically  ili- 
ustrated   in  Fig.   1-2.     An extensive  set   of   tests  were  performed on  pump 
group  5R714   from the  D7F.     The  pump  group was  acoustically evaluated be- 
fore  and  after  contamination  testing.     The  results of   the  contaminant 
test,   acoustic  tests,   and  acoustical   comparison of  pump group 5R71A 
with 22  other  fluid power pumps are  presented  in  Chapter IV. 

It  has  become  evident   that  a great  deal  of  acoustical  energy  is  con- 
tained  in  and   radiated   from  the   conduits of   fluid power  systems.     The 
fluid-borne   noise   (pressure   ripple)   in  the  working  fluid   functions   as  L 

driving  force   for  conduit  vibrations.  Vibration of   the  outer surface  of 
conduits  can excite  any  structural member  to which  they  are  attached 
or  radiate pressure  waves   (sound)   directly  into   the   air.     It   is  possible 
to derive   transfer  functions   that  will predict   the   amount   of  airborne 
noise   that   can  be  expected  from a given number of   feet  of  a particular 
type of  conduit   for  a known  fluid-borne  noise   forcing  function.     This 
type of   information  is  necessary if  one  of  the  ultimate  objectives  is  the 
prediction  of   fluid  power  system noise   levels.     The   deriviation  of  con- 
duit   transfer  functions  and  a  comparison of   the  predicted and experimental 
results of   tests  performed on  two 54"  sections  of   3/4"  Caterpillar  flex- 
ible   conduit   and   two   54"  sections of  1"  Caterpillar   flexible  conduit  are 
presented  in  Chapter V. 

Two  versions of   the military  relief  valve  5R717  were examined  to  de- 
termine  their  acoustical   output.     The  housings  for  the   two  relief  valves 
were  different.     The  military version   (5R717)   is built  within  a  large 
manifold,   and   the   commercial version   (6J1746)   contains  standard pipo- 
threaded ports.     The  pressure-flow characteristics  of  the  6J7146  relief 
valve  are  presented with  the   results of  the  airborne   noise measurements   in 
Chapter VI. 

Chapter VII  contains  a discussion of  the  progress  that has been 
accomplished on  the  contract extension which  started  June  1973.     The   final 
chapter  contains  a  brief   summary of   the material presented in  this report, 
conclusions   that may  be   drawn  from the material present herein,   and spec- 
ific  recommendations  based on the  results  contained  in  this  report. 
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CHAPTER II 

TEST  PROCEDURE   DEVELOPMENT   &  UTILIZATION 

The  goals of  the   '72-'73  project  and  the   '73~'7^  project  are  pre- 
dicated on  the  availability  and use  of acceptable   acoustical  test  proce- 
dures.     The  industrial  acceptance  of   an airborne   test   procedure   for 
pump noise  during  the  past year  adds validity  to  the   data  presented In 
this  report,   since  the  reported data were obtained using a  test  code 
which  complies with  the  accepted method.     Because   of   the   dynamic  status 
of noise  test  codes  for  fluid  power components,   it  is  imperative  that 
project  personnel  actively  participate  in  the  development   and verifica- 
tion  of  those  procedures.     The  active  participation of  project members 
will  insure  the proper  interpretation of  the  data  acquired on  this  pro- 
ject . 

Tliis chapter summarizes the development of test codes for measuring 
hydraulic component airborne noise (ABN) and fluid-borne noise (FBN). 
Structure-borne noise (SBN) measurement methods are also discussed in 
this chapter. Proposed procedures for measuring fluid component air- 
borne and fluid-borne noise are presented in Appendices F and G respec- 
tively. Specific methods used to obtain the results reported in this 
document  are  compared  to   the recommended procedures. 

-TEST  CODE   — AIRBORNE NOISE 

■ /. 

The 1972 Annual Report, "Hydraulic System Noise Study," (AD 757776) 
presented a "Test Code for Measuring and Reporting Airborne Noise Emit- 
ted ßy Hydraulic Fluid Power Pumps," which was developed by a Tri-Level 
Conference on Noise.  The Tri-Level Conference was convened by the 
American National Standards Institute, the U.S. Technical Advisory Group 
(USTAG) to the International Organization for Standardization (ISO), and 
the National Fluid Power Association.  One project member participated 
in the Tri-Level Conference and subsequently was elected as a U.S. member 
of ISO Working Group I to Sub-Committee 8, Technical Committee 131 
(ISO/TC 131/SC8/WG1). 

Appendix F presents a "Test Code for Measuring and Reporting Sound 
Generated by Hydraulic Pumps," which is a draft of the thinking outlined 
by ISO/TC 131/SC8/WG1 during their first meeting of 3-4 May 1973.  The 
document developed by the Tri-Level Conference served as a starting point 
for the WG1 document.  WG1 members established excellent rapport during 
their first meeting.  It is anticipated that the document they develop 
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will be  realistic  and practical.     The  schedule  established  by WG1  in- 
cludes   forwarding  a  final  draft  document   to SC8 by  June   197A. 

The basic  approach outlined  in  the WG1  test  code   can  reat   ly be 
extended  to hydraulic motors,   valves,   and  conduits.     The procedure  is 
consistent  with previous  NFPA documents  and  thus  should  be  well  accepted 
by   the  U.S.   fluid   power   industry. ; 

For  a given operating  condition,   the WG1  test   code   requires   the  re- | 
porting of  sound  power   level  at  each octave   center   frequency between  125 
Hz and  8000  Hz  plus   the  weighted sound  power  of  the  pump   in  dBA. 

All  of   the  airborne  noise  data presented   in  this   report were  ob- 
tained using a  test method which  is   consistent  with   the  requirements 
presented   in Appendix F.     The  data obtained using a test   facility which | 
meets  the   ISO performance  requirements  of  a precision  reverberant  en- 
vironment. 

Project  personnel  plan   to  follow the  development  of   the  airborne 
noise  test  code  by participating in WG1.     The WG1  meeting  is  scheduled 
for May  197A.     It   is  anticipated  that WG1 will  be  able   to  extend  the j 
basic  test   code   to  airborne   noise  test  codes   for other hydraulic  com- I 
ponents. 

-  TEST   CODE   ~  FLUID-BORNE  NOISE   - 

Development  of  a  test   code  for measuring  and  reporting the  fluid- 
borne  noise  generated  by hydraulic pumps  appears  to have  been  relegated 
to  a secondary  position by   the  industry.     This   is  probably due  to  the 
fact   that   the   industry has  more experience  with  airborne  test  code  devel- 
opment . 

Appendix G presents  one  approach  to measuring pump  fluid-borne 
noise.     The  basic  approach, represented by  the  document  in  Appendix G is 
to install an attenuator  downstream of  the pump which  attenuates  the 
pump  ripple  such  that no  acoustic energy  is   reflected back  to  the  pump. 
This  approach  "eliminates" standing waves   in  the high pressure  line, 
creating essentially  a  "free-field" environment   for  pressure measure- 
ments.     Resultant  pressure measurements  between  the pump  and  the  at- 
tenuator  could  be  related  to   the pump  flow ripple  given  the  apparent 
bulk modulus  in  the  high-pressure  line  and  the volume   of  the  line. 

Another  approach  recommended for measuring pump  flow ripple effects 
is  based  on  locating  the   load  device  directly  adjacent  to  the pump.     This 
approach  would minimize  the  effects of standing waves  if   the   connecting 
line were short enough  so  that  the  first standing wave  frequency was 
well  above  the   fundamental   frequency of  the pump. 

The  first method  requires  the use  of an "anechoic termination" in 
each each  facility.     One project objective   for next  year  is   the evalua- 
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cion of   an attenuator  which  is  advertised  to provide   a  fluid-borne  noise 
anechoic termination. 

The  second method   requires   the   use  of  a  relatively  short   (3"  or 
less)   outlet  Tubing.     The   small  volume  of   the  outlet   conduit   could make 
it difficult   to  accurately  determine   an  "apparent"  bulk modulus.     One 
solution to  this  problem might   be   a  standard  test   fixture.    This  approach 
will  be  studied  during next  year's   investigations. 

It   is  anticipated  that   NFPA will  initiate  a  fluid-borne  noise   test 
code  development  effort  during  the  next  year.   Project  members  will   co- 
operate  in every  possible manner   to  help  insure   that   this  important  area 
progresses  at  a reasonable  rate.    Regardless   of   industrial  efforts,   the 
project  will be  used   for  future   fluid-borne measurements. 

Th'    fluid-borne  noise  data  reported  in   this  document  are   reported 
relative   to  20yN/M   .     The  pump  data were  obtained using  basically   the 
same   fluid circuit   for each  test.     For  the  pump  tests,   a pressure   trans- 
ducer  was located  adjacent   to  the   pump outlet.     The  measurements  are 
relative but  should not   be  considered  absolute,   since   they  would,   in  gen- 
eral,   be  different  in  a different  hydraulic  circuit.     The  performance 
parameter of  interest   relative   to   the  pump is  the   flow ripple   as  a 
function of pressure,   viscosity,   shaft speed,  etc. 

The  fluid-borne  noise  reported  for  the  relief  valves  was   recorded 
using  one  transducer   in  the  high-pressure   line  adjacent   to  the  valve. 
These measurements  are  a function of  the pump and  the  circuit.     But,   the 
resultant  spectra of  level versus   frequence should  show any  special noise 
contributions due  to  the valve. 

The measurements  of   fluid-borne noise associated with  the  hydraulic 
conduits were made  using three  transducer  locations.     The  three  measure- 
ments  were averaged  to establish  the  correlations  between   fluid-borne 
noise  and airborne noise  for  the  conduits. 

- T£ST CODE  -- STRUCTURE-BORNE NOISE 

The structure-borne noise  data presented in this  report  were obtain- 
ed using the  guidelines presented   in Mil-Std-7A0B.     All measurements on 
the  pumps and  valves were made using a magnetic  attaching device.     The 
measurements on  the   conduits  were  made  by  fastening  the   transducer to 
a  threaded stud,  which was  welded   to a hose  clamp  fastened   to  the   conduit. 

Single-point measurements   at  various  locations on  the pumps and 
valves were made  for comparison purposes only.     A direct  correlation be- 
tween structure-borne  measurements  and airborne measurements would nor- 
mally   require  a large  amount  of   structure-borne  data. 

Structure-borne measurements  on  the  conduits were  the   result of  an 
average  of   three measurements   at  each axial   location.     Each of   the   three 
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measurements at  one  axial  position was made  at   a  different  angular orien- 
tation on  the  surface  of   the   conduit. 

Component  airborne  noise   is  the  integrated  result   of  structure-borne 
noise,   which in  turn  causes  airborne noise.     In both  cases,   structure- 
borne noise  is  the intermediate vibration.     Because  of  the  importance  of 
fluid-borne and  airborne noise   test  codes,  project   personnel have  concen- 
trated on these  areas.     No major  development effort  on a structure-borne 
test   code  is anticipated  until  the  airborne  and  fluid-borne procedures 
are   completed. 

r 
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CHAPTER III 

FACILITY  VERIFICATION 

INTRODUCTION 

Through growing concern  and  legislation on noise  ocntrol,   it  has be- 
come essential   that   acoustical   test   facilities  can  be  able   to  produce  ac- 
curate  and  repeatable  acoustical  measurements,     before   testing programs 
can be  iniliated  which  yield  reproducible  results,   the  performance  of  ac- 
oustical  environments  must   be  evaluated.     Meaningful   comparison   of   data 
produced  by different measurement   facilities   is  dependent   on  the  accuracy 
obtained within  each  facility.     Guidelines have  been  set  forth by   the 
International  Organization  for  Standardization   (ISO)   for   the  verification 
of  acoustical environments.     The   ISO procedures  allow precision measure- 
ments  to  be made  in  anechoic,   seml-anechoic,   and  reverberant environments 
which meet  specific  requirements.     In  accordance  with  these   guidelines,  a 
verification of  the measurement   properties of   the  OSU-FPRC  reverberant 
environment    has  been  performed. 

, 

Diffusivity  is  a measure  of   the variation of  sound level   in  a 
reverberant envirenment   [1].     The  repeatability  that   can  be   achieved 
in a reverberant   facility  is directly  related  to  the   diffusivity  that  is 
attained  in  the environment.     Diffusivity  modification  in   reverberant 
environments  can  be  attained through  the  use  of   rotating planes   and mov- 
ing microphones.     Three  diffusers  are  used  in  the  Fluid Power  Research 
Center's  Reverberant  Room  to improve  its diffusivity.     Fig.   3-1  shows  the 
effect  of  the  three  diffusers on measurement  standard  deviation   for dif- 
ferent  pure  tone  sounds  and varying diffuser  RPM.     Figs.   3-la and  3-lb 
are  two-dimensional  planes,   and  Fig.   3-lc is  a  three  dimensional  diffuser. 

From Figs.   3-la and  3-lb,   it   is seen that   the   large   two-dimensional 
diffusers  are very effective  in  dispersing low-frequency  standing waves. 
Large  two-dimensional  diffusers  are practical   for several  reasons.     One 
reason being simplicity of  design.     A thorough  discussion  of  the  advant- 
ages and disadvantages  of  both  types  of  diffusers   is presented  in  Ref.   [2]. 

-  DIFFUSIVITY  OPTIMIZATION  - 

There  are   several  guidelines  that   can be  used  to optimize  the  dif- 
fusivity of  acoustical environments   [2].     The   recommended  sound  source   to 
be  used  in determining the  optimal  diffuser speed  is  pure   tone,   since  the 
largest variation  in  sound occurs with  this  type  of signal.     The sound- 
producing equipment   should not  be  a  significant source  of noise  variation. 
With  the microphone   at  one  position and without  diffusers   in  operation,   the 
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Fig. 3-1. Pure Tone Standard Deviation in OSU-FPRC Reverberant Facility 

for Each of Three Diffusers Operating Separately at Various Speeds. 
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the stability of the source and instrumentation will be indicated by the 
amount of variation of the measured sound leve].  Fig. 3-2 shows the dif- 
ference in standard deviation that should occur for several measurements 
at one position and one measurement at several positions. 

The first step in diffusivity optimization is locating the frequency 
with the largest standard deviation for a given facility.  This frequency 
will normally be the lowest frequency of interest.  This critical fre- 
quency may be located experimentally by measuring the sound level at six 
or more positions in the room for each 1/3 octave center frequency with- 
out the diffusers operating.  The standard deviation may be approximated 
with the equation: 

o = X . R 

3   =   standard  deviation 
R =   range  of  the measurements 
X =   constant   from  Table   3-1 

TABLE 3-1:  Constant Factors for Standard Deviation Approximation 

Number of Measurements o/R   =   X 

I                   o 

4 
5 

i                 6 

0.886 
0.591                                    i 
0.486 
0.430 
0.395                                   i 

Optimal  diffuser  speeds  are   determined using  curves of   standard de- 
viation versus diffuser  rpm,   such  as  shown in  Fig.   3-1.     Once   the  diff- 
user  speeds  are  selected,   facility verification  can  begin.     Fig.   3-3  shows 
the magnitude  of  standard  deviation without diffusers  in  operation and 
with diffusers operating  in the  OSU-FPRC or  acoustical   test   facility.     The 
standard  deviations  shown  in  Fig.   3-3 were  obtained using  10  and  6  micro- 
phone  positions  for  the  no-diffuser  and diffuser  curves   respectively. 

-  REVERBERANT   FACILTTY  VERIFICATION  AT  0SU   FPRC 

The  latest   ISO recommended  procedures  for verification of  the mea- 
surement  properties  of  acoustical   test   facilities   contain  techniques   for 
broad-band and  pure-tone  noise  sources.     A minimum of  six measurements 
are   required  at   each  center  frequency of  interest.     The   standard dev ation 
is  computed with  the   following equation: 

13 
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i=l 
(X, 

1/2 -1/2 
x) n (N   - 1) 

Where: standard deviation 
th 

X.   =  sound  level  measurement  at   i       position  in   decibels 
i 

X    = arithmetic mean of N measurements  in  decibels 

Fig.   3-A  shows verification results as  standard deviation versus   frequency 
for broad-band sources.        Fig-   3~5   shows  the verification results   for a 
pure-tone  source.     The standard  deviation  of  an acoustical measurement 
facility must  he  less  than  the maximum allowable standard deviation  shown 
in the  two   figures  to be used as  a precision measurement  facility accord- 
ing  to   the  recommendations  fo   the   International Organization   for   Standard- 
ization. 

r 

-  CONCLUSION 

Verification  of measurement   facilities  is a must  in order   to  obtain 
repeatable   and reproducible  data.     The  ISO recommendations  proviae  a prac- 
tide  analysis  of acoustical  properties of measurement   facilities.     Ac- 
cording  to  ISO  recommended  test  procedures  the OSU-FPRC Acoustical  Test 
Facility   is   a precision environment. 
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CHAPTER  IV 

EXPERIMENTAL  EVALUATION  OF  THE  NOISE   PRODUCED  BY  FLUID  POWER  PUMPS 

INTRODUCTION 

A major  portion  of   the   total   effort   in  acoustics  at   the   Fluid  Power 
Research  Center has  been directed  toward measurement  of  the  noise   generat- 
ed   by   fluid   power pumps.     All   three   types  of   noise   (ABN,   FBN,   and   SBN) 
have   been  considered,   with  the greater   advances  being attained   in  the   area 
of   ABN measurement.     The experimental  evaluation presented  in   this   chap- 
ter  serves   two  purposes.     The  airborne  noise   data obtained  during  the 
measurement  of   the  survey  pumps provides  an  indication of  the  rankorder- 
ing  capability  of   tue  airborne  noise   test  procedure  which  is  discussed   in 
Chapter  II.     The  data  compiled during the measurement  cf  a  spectrum of 
fluid  power pumps provides  a basis   for comparing the  5R71A  pump  group for 
the  military  crawler  tracter  D7F(DV29)   with   the  noise   levels  produced  by 
comparable   fluid power pumps. 

Th.;  5R714  pump  group which   consists of  one  dual  pump was  subjected  to 
a series of   tests  that  are  outlined   in Table  4-1.     Each of  the   five  num- 
bered  tests  is  a  series of   tests  designed  to provide  information  about   the 
pump  group   through    out  its operating  range.     All of  the   tests  were  per- 
formed  on  the  same  pump group.     The  series  of   tests  indicated  by Tests  1, 
2,   4,   and  5  were  conducted  in   the OSU-FPRC acoustics  laboratory  reverber- 
ant   facility.     Test   number  3 was   carried out   in accordance  with OSU-P-7 
(the   latest version of  the  contaminant  sensitivity test   for  fluid  power 
pumps) . 

TABLE  4-1 

TEST   SEQUENCE AND  CODING  FOR PUMP  GROUP   5R714  FOR THE MILITARY   D7F(DV29) 
■ 

Test Test Code Test Load 

No. OSU-NP- Pump Group Configuration Type Device 

1 21 As Received ABN,FBN,SBN Needle Valve 

2 97 As Received ABN,FBN,SBN Relief Valve 

3 21 As Received Contaminat ion Needle Valve 

4 98 After Contamination Test ABN,FBN,SBN Needle Valve 

5 99 After Contamination Test ABN,FBN,SBN Relief Valve 
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ACOUSTICAL  EVALUATION OF MILITARY  PUMP  GROUP  5R714  AS   RECEIVED  - 

The   acoustical  characteristics  of  the  pump  group   (in  its  new con- 
dition)   were  determined  by Tests   1  and  2.     Airborne  and  fluld-bome  noise 
measurements  were  obtained  at each of   the   four  sets of  operating  condi- 
tions  shown  in  Table  4-2.     Unless  otherwise  stated,   the  operating pressu-e 
of   the  pump   group  was  the  same   for  both  pump  outlets.     Structure-borne 
measurements  were  made  at  2080 RPM and  1875 PSI. 

TABLE  4-2 

TEST   CONDITIONS  FOR PUMP  GROUP  5R714   ACOUSTICAL  EVALUATION 

Test Shaft Speed sy item Pressure 
Condition (RPM) 

2080 

(PSI) 

1 1875 
2 2080 200 
3 600 1875 
A 600 60 

The   results of  the Test Number 1   from Table  A-l  are  shown  in  Figs. 
A-l  and  A-2.     The  airborne  noise  levels  are presented in Fig.   A-l,   and  the 
fluid-bome  noise  levels  are  contained  in Fig.   A-2.     It  is evident   from 
Fig.   A-l  that  the  airborne  noise   Is more  adversely dependent  upon  the  shaft 
speed   than  system pressure.     The  same  trend  can be  seen in  the   fluid-bome 
noise  plot   (Fig.   A-2).    The   fluid-borne  noise  level  is  significantly more 
dependent  upon   the  shaft  speed of   the  pump  that   on  the operating pressure 
of   the   system.     This   trend has  been  observed  to  be  true  for all   of   the 
pumps   tested  thus  far at   the  Fluid  Power  Research  Center.     A more   thorough 
discussion  of   this phenomena will  be  presented  later in this   chapter. 

CONTAMINANT  SENSITIVITY  TEST  OF MILITARY PUMP  GROUP   5R71A 

After Tests  1 and 2  from Table  A-l were  completed,  the  5R714  pump 
group was  removed  from  the  acoustical  test  facility  and installed  in   the 
Fluid  Power  Research  Center's pump  contaminant sensitivity  test  stand.   The 
results  of   the  contaminant sensitivity test  performed according to OSU- 
P-7  are  shown  in  Table  A-3 and plotted in  Fig.   A-3.     A lengthy discus- 
sion of   component  contaminant  testing will not  be presented in this  text; 
the  subject   is more  than  adequately  covered  in Ref.   [3]. 
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TABLE  4-3 

CONTA>nNANT   TOLERANCE   PROFILE  OF  PUMP   GROUP   5R7U  FOR 1000  HOUR LIFE 

Size 

200.00 
160.00 
120.00 
100,00 
80.00 
70.00 
60.00 
50.00 
40.00 
30.00 
20.00 
15.00 
10.00 
5.00 
A.00 
3.00 
2.00 
1.00 

No. Size 

2.6375E-02 
5.1375E-02 
1.2 309E-01 
2.0512E-01 
3.7700E-01 
5.3325E-01 
8.0669E-01 
1.5567E-00 
3.7442E 00 
1 .1682E 01 
b.5557E 01 
1.5774E 02 
6.5774E 02 
4.1952E 03 
7.0702E 03 
1.2476E 04 
2.3414E 04 
3.7789E 04 

ACOUSTICAL  EVALUATION  OF MILITARY  PUMP  GROUP  5R714 
AFTER CONTAMINANT  TESTING - 

u 
The  5R714  pump  group was  installed  in  the  reverberant   test   facility 

after  completion  of  the  contaminant   testing,   and a second  series of  acous- 
tical  tests were  performed.     The  second series of tests was  identical  in 
every way  to  the  tests performed on  the pump  group before  contaminant  test- 
ing.     The   results  of   those  tests  are  plotted  in  Figs.   4-4  and  4-5.     Fig. 
4-4  contains   the  results of  the  airborne  noise evaluation,  while   the   fluid- 
borne noise  data  are  plotted in  Fig.   4-5. 

Comparison  of  Figs.   4-1 and 4-4  indicates  the  airborne noise   level 
of   the  pump  group   at  the   lowest  horsepower  test   condition  increased  15 
dBA after  contamination testing.     The   two  intermediate horsepower points 
inverted with one   increasing 5  dBA and  the   other decreasing 3 dBA.     The 
maximum horsepower point was essentially  unaffected by  the degradation 
caused  by   contaminant  testing. 

Similar  results  are evident  upon   comparison of  the  fluid-borne noise 
data  in Figs.   4-2  and 4-5.     The  low horsepower point  increased  10  dBA,   and 
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the  maximum horsepower   condition   remained  unchanged.     The   two   intermediate 
points   alternately   increased   11  dBA and  decreased   3.5  dBA. 

The   data   compiled  during  the  examination  of   one   pump  or  any   small 
number  of   pumps  does  not  provide   sufficient   information upon  which   broad 
generalities  may   be   based.     It   is   for   this   reason   that   a   theory  of   cause 
and effect   concerning  the   noise   level   changes   before   and  after   contami- 
nation   testing  of   pump   group   5R71A  will  not   be   presented   to  any   extent 
other   than   to  note   that   the   changes  were   consistent   in  both   direction   and 
magnitude   for  fluid-borne  and airborne  noise. 

STRUCTURE-BORNE  NOISE  LEVELS   FOR  MILITARY  PUMP  GROUP   5R17A 

As  discussed  in  Chapter II,   the   fluid power   industry  does  not 
possess  an  acceptable   procedure   for  the measurement  of structure-borne 
noise   (SBN) .     There   are  several   reasons   that   preculde   the   development   of 
an easily  irpiemented  SBN  measurement   procedure.     One  of   these   reasons   in- 
cludes  the number of measurements  that  must  be   taken  to provide  an  ac- 
curate  estimate   of   the  vibration   level   of   any   surface.     Due   to   the   lack 
of   an  acceptable   SBN   test   procedure   and  the   difficulties   involved  with 
the  development   of  such  a procedure,   very  little  structure-borne  noise 
data have  been  accumulated  at   the  Fluid  Power  Research  Center.     The 
data presented  in  Table  4-A  were obtained  by  placing the measurement 
transducer   (magnetically held  accelerometer)   at   the  same  position  on  the 
pump   for each  test   condition.     The  reference  vlues  for  computation  of 
decibel  structure-borne  noise   levels  are   shown  at   the  bottom of  Table 
A-4. 

ACOUSTICAL  COMPARISON  OF  PUMP  GROUP  5R714 
WITH  A  SURVEY  OF   FLUID  POWER PUMPS   - 

One  of   the major objectives of   the  acoustical  evaluation program 
for 1973 has  been  the   comparison of  the  acoustical  characteristics of 
military pump  group  5R71A  with a  survey  of   the   acoustical  characteristics 
of   current   production  fluid power pumps.     The   greatest  difficulty en- 
countered  throughout  the  program is that   of  determining a meaningful 
basis  of   comparison.     If  pumps are   compared on  total  sound power alone, 
only   the  directly  radiated airborne  noise   is  considered during  the   com- 
parison.     It   is   conceivable  that  a very quiet  pump,   with  respect   to  the 
directly  radiated energy,   could possess  a very high   fluid-borne  noise 
level.     The  high  fluid-borne noise  level would produce high  fluid power 
system noise   levels,   which  could not  be predicted   from the  airborne 
noise  radiated   from the  pump.     It  should  be  pointed out  that  a pump   that 
has  a high  airborne  noise   level generally has  a high   fluid-borne  noise 
level,   see   Fig.   4-6.     Therefore,   fluid power pumps   cannot  be  compared  by 
an}' one  measurement  to determine  which  pump  is  best   to minimize  noise 
in  a given   fluid  power  system. 
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TABLE A-4 

SBN LEVELS FOR PUMP GROUP 5R714 

Total Levels (dB A) 
Configuration Location Ace Vel Dis 

New N.V.   Load Right   Side 131.8 122.1 124.4 
Rear 135.A 126.5 133.1 
Rear 136.9 127.9 131.2 

Mounting 
Flange 

Right  Side 132.8 125.5 131.1 

New R.V.   Load Right  Side 132.0 122.3 125.3 

Worn* N.X.   Load Rear 134..0 126.2 133.0 
Right  Side 132.4 124.8 133.4 
Mounting 

Flange 
Right  Side 133.8 126,5 134.3 

Worn*  R.V.   Load Right  Side 134.7 130.7 140.2 
Rear 132.5 127.4 136.6 

REFERENCE LEVELS 10 -5 m/S2 10"8 m/S 10 
-11 

m 

All vibration  le vela measured at 2080 RPM, 1875  PSI. 

*After  contamina tion testing. 

If it is desired to provide a comparison that will indicate which 
of two pumps will minimize the sound level of a given fluid power system, 
all of the acoustical noise level8(ABN, FBN, SBN) must be measured for 
the components to be compared. As mentioned previously, structure-borne 
noise levels were not measured at all fcr the survey pumps due to the 

lack of an acceptable measurement procedure. Hence, only the airborne and 
fluid-borne noise levels will be compared in this report. 

The airborne noise data taken on military pump group 5R714 before 
contamination testing and with needle valve loading is compared with the 
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data obtained from a survey of the airborne noise levels of fluid power 
pumps in Fig. 4-7.  The pump survey data is presented in the form of 
histograms for each test condition.  The noise level of pump group 5R71A 
is marked by (21) on the abscissa for each test condition.  For the com- 
parison shown in Fig. 4-7, pump group 5R714 appears to be slightly high- 
er in directly radiated sound than the mean of the pumps in the survey. 
It should be noted that the flow rate, hence the output horsepower, is 
considerably higher for pump group 5R73 4 than the mean horsepower of the 
survey pumps.  Recognizing this fact, a plot of total sound power (dBA) 
per horsepower would rate pump group 5R714 below the mean (dBA/HP) for 
the survey pumps.  Fig. 4-8 contains histograms of (dBA/HP) for the sur- 
vey pumps with the (dBA/HP) level for pump group 5R714 marked on the ab- 
scissa by (21) . 

The same type of plots are presented for fluid-borne noise in Figs. 
4-9 and 4-10.  The fluid-borne noise (FBN) and the FBN/HP level of pump 
group 5R714 is slightly below the mean fluid-borne noise level and mean 
FBN/HP for the survey pumps.  Again, the comparison of both noise level 
and noise level per horsepower are necessary to adequately rate the pump, 

A third method of comparison contrasts the slopes of the sound 
power versus horsepower graph shown in Fig. 4-1 with the mean of the 
slopes generated by the survey pumps.  The mean slopes of the survey pumps 
are represented by Eqs. 4-1 and 4-2: 

ASfL = 2.0 log 0 (AP) 

ASPL = 4.2 log10 (AN) 

(4-1) 

(4-2) 

AP = change in pump output pressure 
AN = change in pump shaft speed 

ASPL = change in sound power level 

In contrast, the same type of equations for pump group 5R714 are: 

ASPL =4.25 log10  (AP) 

ASPL =4.75 log10  (AN) 

It is evident frooi the coefficient of the log term that the sound pressure 
level of pump group 5R714 decreases more rapidly with decreasing horse- 
power than the average of the survey pumps. 

The overall survey results are presented in Table 4-5. 
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CHAPTER V 

CONDUIT   EVALUATION 

Prediction of   fluid  power  system sound   levels   is  dependent  upon  the 
accuracy with which one   can estimate  the  sound  level  of   the  components 
that make up  the  system.     Systems consist  of  both active  and passive  com- 
ponents  with   respect   to   acoustic  energy   generation.     Fluid  power  pumps 
and valves  can  be   considered  active  acoustic  components  because  they us- 
ually  generate   noise.     Reservoirs  and  conduits   are   usually  passive   acous- 
tic components  because   they  do  not  normally  generate  noise   as  a by-product 
of  their normal   function within  the   system.     Passive   components must  be 
forced by  some   form of energy   transmission  to  produce  noise.     This  chap- 
ter  considers   the  airborne  noise  produced by   two  types  of   fluid  power 
conduit   for  a  known   fluid-borne  noise   forcing   function.     The   conduits  used 
during  this  evaluation  were   supplied  by  Caterpillar Tractor  Co.   and  are 
hose  assemblies   from  the  military D7F(DV2 9).     Two  5'" hose   assemblies 
connected  together  were  used  during  the experimental  phase  of  this  portion 
of  the  program.     Two  diameters of hose   (1" =  01  and   3/A"  =   //2)   were  test- 
ed. 

The  fluid-borne  noise   level  was measured  at   three  positions  in the 
conduit.     The  use  of  three   transducer positions  allows   the   computation  of 
the maximum dynamic pressure  level  in  the   conduit  by using Eq.   (5-1): 

ir,   i Mn   Ll/10_Llf1
L3/10   "  9 ■n^1n

L2/1(\ i 1 Lx =  10  login(10 +10 2  cos2K610 )   + log10  1_(.os  ^ 
'10 

(5-1) 

Where: K =  frequency/phase  velocity 
L = measured level  at   conduit  inlet 

L = measured  level  at   conduit  midsection 

L = measured  level  at   conduit  outlet 

6= distance  between measurement  posi- 
tions 

By measuring  the  ABN,   FBN,   and SBN of each  conduit   for  a particular 
set of operating  conditions,   the  investigators  were  able  to  derive  trans- 
fer  functions  that   allow the  accurate  prediction of  ABN   for  a known FBN 
level.     A detailed  discussion of  the  techniques used  to derive  the   trans- 
fer  functions will  not  be  presented in  this  text   but  may  be  found in  Ref. 
[4],     What  is  of  more direct   interest  at   this   time   is  the  overall  sound 
output  that may  be  expected   from a given   length of   conduit.     The overall 
results of   the  experimental  evaluation are  shown  In  Table  5-1.     It  should 
be  noted  that   the  only source of  sound  in  the meah'.reraent   environment  was 
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the conduit. 

A diagram of the test facility Is shown In Fig. 5-1.  The pressure 
transducer locations are numbered in the diagram. 

- TRANSFER FUNCTIONS 

Two types of transfer function were developed for each conduit 
tested.  The two methods relate the fluid-borne noise to the resultant 
airborne noise in different ways.  The transfer function, G , relates 
fluid-borne noise directly to airborne noise as shown in Fig. 5-2a.  Sur- 
prisingly accurate results were obtained from this rather simplt model. 
The second technique involves the transformation of energy from fluid- 
borne to structure-borne and finally to airborne noise as showr in Fig. 
5-2b.  The transfer functions for both conduits are presented -n Ref- 
erence [4].  A comparison of the predicted and measured sound levels for 
each test condition is shown in Table 5-2. 

ABN levels between 70 and 80 dB were found to be produced by 8 feet 
of flexible hydraulic conduit. Comparison of these levels to ABN levels 
produced by hydraulic pumps and motors indicated that the hydraulic con- 
duit does contribute a significant amount of ABN. 

Average pressure, pump speed, and downstream impedance were found 
to have significant influence on the ABN output of a hydraulic conduit. 
A reduction of the average operating pressure from 2000 to 1000 psi 
caused a substantial increase in both SBN and ABN total levels.  Reduc- 
tion of pump speed  shifts the FBN profile toward lower frequencies 
resulting in a large increase of SBN amplitudes in the low-frequency 
range.  A relief valve was found to increase the total ABN level of the 
conduits tested 3 to 6 dB above the levels produced by a needle valve. 

The transformation of FBN into SBN by the hydraulic conduits invest- 
igated can be described as dynamic system which exhibits relatively high 
sensitivity to low-frequency FBN.  The transformation of SBN into A3N 
can be basically described as a system with relative high sensitivity to 
high-frequency SBN. 

This investigation establishes substantial evidence that correlations 
describing the relationship between FBN, SBN, and ABN can be developed. 
Models based on total dB levels provide the best overall effectiveness in 
predicting total ABN levels for both conduits tested.  Only the one inch 
conduit was considered to be effectively described by models developed 
fom frequency analysis techniques.  Even though models developed from fre- 
quency analysis did not adequately describe Conduit 02,     it is thought 
that digital models describing the complete transformation of FBN into 
ABN in two separate steps has the greatest potential for accurate pre- 
diction of ABN levels.  A more complete discussion of this topic can be 
found in Reference [A]. 
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CHAPTER VI 

ACOUSTICAL MEASUREMENTS  OF RELIEF VALVES 

-  INTRODUCTION  - 

Very  little  literature   is  available   regarding relief  valve  noise. 
Relief  valve  noise  has become more   important  because of  governmental 
regulations  on noise pollution  and  the   concern  for employee  environment. 
This   chapter presents a  summary of   relief  valve noise   tests   conducted 
at   the  OSU-FPRC  acoustics   laboratory  and   provides   guidelines   for   future 
tests. 

The  noise   from relief  valves  originates primarily  in   three  domains: 
fluid-borne  noise,   structure-borne   noise,   and  airborne noise   [5].     The 
measurement  of  structure-borne  noise  Is  a  problem because many  points 
over  the  surface  of  the  valve must  be measured to provide  an  accurate 
estimate  of   the  level  of  the  valve  surface.     The  difficulties   involved 
with  SBN  measurement  preclude   the   luxury  of   a great  deal  of  SBN data  in 
this  report.     Fluid-borne  noise   is easily measured  with  a piezoelectric 
transducer.     The measurements  presented  in   this chapter were made  on  the 
high-pressure  side of  the  relief  valve.     Fluid-borne noise  in  relief 
valves   is  the   result  of   turbulence,   cavitation,   and  interaction  with other 
components.     The  directly  radiated  airborne noise  was measured  in  the 
OSU-FPRC reverberant   facility   in  accordance with  the  ABN measurement 
procedure  presented in Appendix F. 

-  TESTS  AT  THE  OSU-FPRC ACOUSTICS  LABORATORY   - 

The   relief valve  testing at  the OSU-FPRC laboratory  included two 
pilot  operated  relief valves.     Both were  identical   in  functional  design 
and  specifications.     Relief  Valve  //2   (RV2)   is built   into  a manifold  for 
bolting directly  to a hydraulic system.     RV^  is the military version 
(5R717)   of  relief valve   group  6J17A6  supplied by  Caterpillar.     It   is   con- 
siderably   larger physically than  RV1,   which was ported  for  standard 
hydraulic  conduits.     Both valves were  connected to  the   controlling 
system using  flexible  hydraulic  conduit,   which was wrapped with 2"  foam 
rubber.     The  line  was  then covered  completely with  a layer of  leaded 
vinyl material,   overlapped,   and  sealed with duct   tape.     All  connecting 
lines were  treated this way  to  attenuate  as much  system noise  as possible 
for  a more   accurate  noise measurement   from  the  relief  valve. 

The   testing was  conducted in  the  OSU-FPRC sound  reverberation  room. 
This room is equipped with rotating plane diffusers and is certified 
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according  to  ISO  recommended  procedures   [6,7]. 

All   data   (ABM,   FBN,   SBN)   was   acquired   through   the   use   of   a   third- 
octave   analyzer,   which  average   the   input  signal   at   1/3 octave   center 
frequencies  between  100 and  10,000 Hz.     All  of  the  output  data were 
corrected  and  put   into  usable   form with  a  computer  program designed 
for  this   purpose.     (See   Appendix E) 

Both valves  were   tested  under  a   constant   pressure  of  2000  psi   and 
65.5   C.     RV1  was  tested  only  at   20  gpm  flow rate  because,   when  higher 
races were  applied,   it  had  high   internal   leakage.     RV2 was   tested  at 
flow rates of  20,   40,   and 60 gpm.     The  noise   levels  are  tabulated  in 
Table  6-1 with   corresponding horsepower   levels  at each   flow rate.     RV2 
shows  a  critical   flow rate  at  about   40  gpm,   where   the  ABN  begins   to  in- 
crease  noticeably.     At   about  60  gpm,   a  chatter  developed within  the  valve, 
The   flow rate  was  increased momentarily,   and  the valve  was   found   to  chat- 
ter  at  higher  flow rates.     The   rated   flow  for   this valve  was   80  gpm, 
which was much higher  than   the   flow at  the  onset  of  chattering.     Fig.   6-1 
shows  the   approximate  relationship  between airborne noise   and horsepower. 
The   almost  vertical  trend emphasizes how critical  the   flow rate   Is   for 
the  valve   tested. 

A comparison of  the   fluid-borne noise  output with  the   airborne 
noise  output   reveals  an  increase  in airborne  noise with  an   increase  of 
fluid-borne  noise.     This   is  shown  graphically versus   flow rate   in  Fig, 
6-2,     Typical   spectrums   for  relief valve  and pump noise  are  shown  in 
Fig.   6-3,     The  relief valve  emits predominently high  frequency noise 
caused   by   flow and  the  pump   is   a  low frequency source.     In  Fig,   6-4, 
the   fluid-borne noise  appears  to  increase  as  the   logarithm of   horse- 
power. 

It  would seem  that   the  structure-borne  noise  would  also   increase  as 
the  fluid-borne  and airborne noise  increases.     The  structure-borne noise 
output  is  tabulated in Table  6-1  and decreases with an increase  in  flow 
rate.     This   is  illustrated  graphically  in  Fig.  6-5,     Note   that   the  struc- 
ture-borne noise measurement  was  taken  at  only one point  on the  relief 
valve surface,   and  the  point   tested may have been in a nodal   region. 

The pressure-flow characteristics for RV1 are shown in Fig. 6-6. 
Data is presented for both increasing and decreasing flow rates. The 
data  was obtained in FPRC systems laboratory. 

-  FUTURE  TESTING  - 

The main objectives of  any   testing program should  include   accuracy 
and  repeatability.     The   facility  in which a relief valve  is   tested  for 
airborne  noise   should be   certified  for  acoustical  testing according  to 
accepted  procedures.     For an  accurate measurement  of  the  sound  power 
output  of  a  valve    all other noise-producing apparatus  should  be  cover- 
ed with acoustical attenuating material. 
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The  recommended  frequency  range   at   which measurements  should  be made 
is  between   100  and  10,000  Hz.     This   should   include  all   relevant   noise 
data  for  the   relief  valve  and has been accepted by  the NFPA  for  other 
acoustical   testing procedures. 

All   relief   valves  should   be   tested  at   their   specified  working 
pressure  and   flow rates  relevant   to  actual  use  up  to  the   rated   flow. 
As   is evident   from the  data  given,   there   is always  the  possibility of 
instability  before  reaching rated   flow. 

f 
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TABLE  6-1:     SOUND   POWER  RESULTS   OF  RELIEF  VALVES 

AIRBORNE   SOUND  POWER 

Valve Pressure 
(psi) 

Flow 
(gpm) 

Horsepower dBA 

1 2000 20.0 23.3 84.2 
2 2000 20.0 23.3 81.9 

]      2 2000 AO.O 46.7 79.4 
,      2 2400 60.0 84.0 91.8 

FLUID-BORNE  NOISE  LEVELS 

Valve i'ressure 
(psi) 

Flow 
(gpm) 

rtorsepower dBA 

1 2000 20.0 23  3 240.8 
1 2000 30.8 35.9 235.0 
2 2000 20.0 23.3 229.9 
2 2000 40.0 46.7 2 34.7 
2 2000 60.0 70.0 240.6 

STRUCTURE-BORNE   NOISE   LEVELS 

Valve Pressure 
(psi) 

Flow 
(gpm) 

Horsepower dBA 

1 2000 20.0 23.3 135.2 
1     2 2000 20.0 23.3 123.5 

2 2000 40.0 46.7 124.9 
2 2000 60.0 70.0 114.8 

Ü 
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QIAPTER VII 
I 

PRACTICAL METHODS FOR REDUCING FLUID POWER SYSTEM NOISE i 

I 

The. material presented thus far in this report is the result of a 
study initiated by Oklahoma State University, Proposal No. ER 72-R-101, 
entitled "Proposal for a Study to Evaluate the Acoustical Characteristics , j 
of Selected Components in a Fluid Power System." This study ended on 
1 June 1973.  The noise program was extended from June 1 1973 to May 
197A under the same contract number.  The proposed effort for this time ;l 
period is cont; ^ned in Oklahoma State University Proposal No. ER-73-R-5^, |] 
"Proposal for a Study to Evaluate Practical Methods for Reducing and i 
Predicting Fluid Power Svstem Noise." This chapter contains a brief 
discussion of the proposed effort for the 1973-74 year and a tentative 
schedule for the individual areas of investigation.  Table 7-1 lists the 
general areas that are to be studied, and figure 7-1 relates a proposed 
time schedule for each area. 

Measurement of fluid-borne noise is a critical area of investigation 
for the next year.  Several of the system oriented noise control efforts 
that are to be performed rely on the accurate and repeatible measurement 
of fluid-borne noise.  New instrumentation has been obtained to aid dur- 
ing the measurement of fluid-borne noise.  This instrumentation, when 
used with the theory mentioned in Chapter V and discussed in [9], shows 
promise of providing the accuracy and repeatability that must be at- 
tained to make a fluid-borne noise measurement procedure feasible.  This 
instrumentation will be used during the evaluation of several fluid- 
borne noise attenuation devices.  Both accumulator and "muffler" type 
fluid-borne noise attenuators have been purchased for evaluation and 
are projected to be tested in early December 1973. 

TABLE 7-1:  SUMMARY OF PROPOSED EVALUATIONS 

Topic 
Number Title 

1 Fluid-borne  Noise  Measurement 
2 Fluid-borne  Noise  Attenuation 
3 Pump Sound Vs,  %  Air in  Fluid 
A Reservoir Noise 
5 Airborne  Conduit  Noise  Isolation 
6 Airborne Pump Noise   Isolation 
7 Pump  Airborne  Noise  Model 
8 System Airborne Noise Model 
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Air   in  hydraulic  oil   is   a major  problem   in   fluid  power   systems   [31. 
Due  to  its effect   on   the   fluid  properties  of   the  oil,   a  change   in  the 
fluid properties   can  subject  parts  of  the   system  to  cavitation,   causing 
them  to   fail  prematurely.     System  control   can   be   altered  due   to  varia- 
tions   in  compressibility of   the   fluid.     And,   the  acoustical   characteris- 
tics  of   the   system can  deviate   from those  expected   from  a  system with- 
out  air  in  the  oil.     Noticeable   Increases  in  the  sound  power  of  pumps  have 
been observed upon  introduction of  air  into  the  system.     A quantitive 
analysis  of   this phenomenon will  be   intiated  during  the   current   fiscal 
year. 

Large   radiating surfaces  provide efficient   couplings   to  air  for 
structure-borne   and  fluid-borne  noise  in  fluid power  systems.     Hydraulic 
reservoirs provide   the   surface  area necessary   to  act   as  an  acoustic 
radiator.     A reservoir  from  the  6000  lb rough  terrain   forklift   has  been 
obtained  for  testing at   the   Fluid Power  Research  Center.     The   reservoir 
will be  evaluated  to  determine  its  acoustic  radiation and modified  to 
minimize   that  radiation.     All  modifications  to  the   reservoir  will  be 
examined  for   their  practicality  as  retrofit-type modifications  to exist- 
ting machines   as well   as production changes. 

Recent   investigations have  shown  that  a great  deal  of   airborne 
acoustic energy   is  radiated  from the   conduits  in   fluid  power  systems 
duo mainly  to  the   fluid-borne noise   in  the  conduits.     Until   the  fluid- 
borne noise   can  be  reduced  to an  acceptable   level,  more expedient 
methods must be  used  to minimize  the  airborne  noise  radiated  from  the 
system.     Several  types of  conduit   isolation are  being produced by  in- 
dustry.     Those  which appear  to be  suitable   for use  with hydraulic  systems 
will  be evaluated  and  compared with the   laboratory isolation  techniques 
and will  be   investigated  for minimizing  the  directly  radiated airborne 
noise   from  fluid power  pumps. 

The   final  area of  investigation  involves  acoustically modeling both 
fluid  power  components and  fluid power  systems.     This  particular  section 
of   the overall  program will   be  studied  continually  due   to   the  applicab- 
ility of  each phase  of  the  overall   program on  component  and  system model- 
ing. 
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CHAPTER VIII 

SUMMARY,   CONCLUSIONS,   &   RECOMMENDATIONS 

The   results of  this   project  provide   the   fluid  power   industry  and 
the  U.S.   Army  with several  necessary  tools   for   the  control  of   fluid  power 
system noise.     Considerable   importance  has  been  given  to   th^  development 
of  standard   test   procedures   for  the measurement  of  noise   generated by 
fluid power systems.     All  three   types  of noise   (ABN,FBN,   & SBN)   have  been 
considered   thus   far  in   the  OSU-MERDC Program.     As  mentioned previously, 
the  most   significant   advances   have   been  attained   in   the   area  of   airborne 
noise measurement.     An   airborne  noise   test  procedure has been  developed 
by   industry  with   the   aid   of   project   personnel   and   is  being verified   by 
project personnel. 

The   sound   level ordering ability  of  this procedure has  been evalu- 
ated   for  various   fluid  power  components   in   the   OSU-FPRC  reverberant 
measurement   facility.     A program to  determine   the   reproducibility  of 
measurements  taken  in different  facilities using the  previously mentioned 
test   procedure  has  been  initiated.     This  program  includes  over  30  dif- 
ferent   facilities   in   the  United States,   Europe,   and Japan.     Fundamental 
invesitgations have  been  initiated   to  determine   the most   reliable measure- 
ment   techniques   to  be  used  in subsequent   fluid-borne  and structure-borne 
noise measurement   procedures. 

A draft   fluid-borne noise measurement  procedure   (Appendix G)   is   the 
result  of   these   investigations. 

Facility verification has been  a necessary area of  investigation   to 
insure   the   accuracy and  repeatability  of   acoustical measurements.     The  ISO 
procedures,   when used as  recommended,   will provide   repeatable measure- 
ments  in  a given  facility.     The   reproducibility  between   facilities  is  be- 
ing examined  at   present   through  the  OSU-FPRC  acoustical   facility  survey. 
(See  Appendix D). 

The   components  that have  been successfully examined  for  this  pro- 
ject  include pumps,   valves,   and  conduits.     The  program outlined  for  1973- 
7A  will extend  the   investigation  of   airborne  noise emitted  by  fluid 
power  components  to hydraulic  reservoirs. 

Several  conclusions may be  drawn   from  the various  areas   investi- 
gated during the   1972-73 MERDC Program in  acoustics: 

1.     An  industrial  accepted procedure   for  the measurement  of  direct- 
ly  emitted airborne  noise   from  fluid power  pumps has  been  dev- 
eloped  and  is  being verified  with   the  aid of  project  personnel. 
The   procedure  provides   the   capability  of  rank ordering  fluid 
power  components  on  an  airborne   noise  basis. 
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2. The airborne noise measurement procedure for fluid power 
pumps can be extended for ui-.e  with other fluid power com- 
ponents with proper engineering judgment. 

3. The sound level radiated from an average pump out of the 
spectrum of fluid power pumps evaluated at the Fluid Power 
Research Center is comparable to the sound level radiated 
from an eight foot length of hydraulic hose.  This indi- 
cates that the reduction and/or elimination of the fluid- 
borne noise in fluid power systems will produce signifi- 
cant decreases in fluid power system sound levels. 

4. The use of a properly employed three-transducer measurement 
array should negate the standing wave deterrent to fluid- 
borne noise measurement. f 

5. The relief valve tested at the Fluid Power Research cent-, 
er produced total sound power levels in excess of 90 dBA 
when operating 25% below its rated flow rate.  This ex- 
cessive noise production has been observed to be common- 
place for both relief valves and needle valves. 

One of the major objectives of the i-PRC-MERDC Acoustics Program is 
the development of fluid power acoustics to such a degree that component 
specifications for the purpose of fluid power system sound level reduc- 
tion is practical.  Many of the necessary building blocks to reach this 
objective have been constructed and discussed in this report.  There 
are, however, several areas that must be investigated before reliable 
component specifications are realized.  The following recommendations 
are directed toward reaching two objectives:  1) to make practical the 
specification of fluid power components based on their acoustical char- 
acteristics, and 2) to provide the fluid power industry with the tools 
that are necessary to produce quiet fluid power components and systems. 

i.  The current airborne test procedure should be examined to de- 
termine its ability to produce reproducible measurements be- 
tween laboratories. 

2. Continued effort should be concentrated on the development of a 
fluid-borne noise measurement procedure. 

3. Isolation mechanisms which minimize ABN, FBN, and SBN paths 
should be investigated and evaluated for their applicability 
in fluid power systems. 

4. The development of fluid power component noise models must be 
extended to all fluid power components. 

5. The acoustical interaction of fluid power components should be 
Investigated. 

6. The results of recommendations 4 and 5 should be implemented 
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to produce a technLque for predicting fluid power system 
sound levels from the acoustical characteristics of fluid 
power components or predicting the change in cystem sound 
level that can bo expected from changing a given component. 

> 

61 -, 

L 
.. .  ■ 

-» t—A ^ ^    n 



■^7 
^ 

APPENDIX A 

SELECTED  REFERENCES 

Preceding page blank 63 

_» LJ » fk 



^ 
l^,1^ ^- 

^ 

SELECTED  REFERENCES 

1. Elliott,   L.   R.,   "Acoustical  Diffusivity  Theory."Basic  Fluid Power 
Research  Program Annual  Report  No.   6,   Paper  No.   72-AV--2B,   Fluid 
Power Research  Center,  Oklahoma  State  University,  September  1972. 
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INSTRUMENTATION 

I.     GENERAL  RADIO 
A. 1521-A Strip  Chart   Recorder 
B. 1523 Level   Recorder 
C. 1523-P1 Preamplifier Plug  In 
D. 1523-P3 1/3 Octave  band Analyzer 
E. 1523-9621 25   dB  Potentiometer 

1523-9622 50  dB Potentiometer 
1523-962A 100  dB  Potentiometer 

F. 1560-9531 Microphone 
G. 1560-9580 Tripod 
H.     1560-9666 Microphone  Cable 
I.     1560-P13 Vibration Pickup System 
J.     1560-PA? Microphone  Preamplifier 
K.     1562-A Sound  Level  Calibrator 
L.     1382 Random Noise  Generator 
M.     1910A Recording Wave  Analyzer 
N.     1933 Precision  Sound  Level  Meter 

and  Octave Band  Analyzer 
0.     135A X-Y  Recorder 
P.     130BR Oscilloscope 
Q.     400  LR Vacuum Tube Voltmeter 

i 

i 

1 II.   HEWLETT  PACKARD 1 
A. 3300-A Function Generator 1 
B. 205AG Signal  Generator 
C. 202CR Signal  Generator 
D. 410B Vacuum Tube  Voltmeter 

III.BRUEL & KJAER 

A.     2107 Frequency Analyzer 

IV. BOGEN 

A.     CH13-35A ' Amplifier 

V. TEKTRONIX 

A. 502 Dual-Beam Oscilloscope 
B, RM31A Oscilloscope 

VI. PCB   PIEZOTRONICS,   INC. 

A.     118A02 Quartz  Crystal Pressure 
Transducer 
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B. A02A Pressure  Amplifier 
C. 482-A ICP  Power Supply 
D. A83A02 ICP  Power Supply 

VII.BELL  & HOWELL 

A.     4-402-0001 Pressure  Transducer 

VIII.DAYTRONIC 

A. Type   91 Strain  Gauge  Transducer 
Input   Module 

B. Model  300 Transducer Amplifier 
Indicator 

C. Type P Galvanometer Driver Output 
Module 

IX. KENWOOD 

A.     KA-4004 Amplifier 

X. TEAC 

A.     1230 Tape   Deck 

XI. BECKMAN 

A.     7370R universal  EPJT Meter 

XII.KROHN-HITE 

A.     44CAR Oscillator 

XIII.RUTHERFORD 
A.     B7B Pulse  Generator 

XIV,ACTION  LABORATORIES,   INC. 

A.     328-A Phase  Angle Meter 
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ISOLATION MATERIALS 
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ISOLATION MATERIAL 

The  following materidls  are  being used  to  acousitcally  treat   fluid 
lines,   pump mounts,   pump  drive  systems,   and  the  drive   support system: 

1.     "Duct Board"   — Rigid  fiberglass with aluminum back. 
Owens-Coming Type  475-FR(SD) 

Leaded Vinyl   — John Schneller  & Associates,   Sound/Eaze 
TLB-M,   TLB-L 

Leaded Vinyl   — Singer Partitions,   Inc.;     Super Sound Stopper 

Aluminum Foil  Reinforced^Insulation  —  Supplier,   L.  A.  King 
Co.;   Type MRA;  0.6  lb/ft   ,   1 in  insulation  with  foil scrim 
kraft,   light  duty,   NFRU rated,  manufactured by  Certainteed 
— St.   Gobain 

Foamrubber  --  2   in  Thick,   21  oz/ft     (21,000  gm/m3) 

High Temperature  Damping Compound   //70305   — Sound  Solutions 
%  Ponto  Sales Engineers,   Tulsa 

2 
Pipe  and Valve   Covering  Ill/ft     — Sound  Solutions %  Ponto 
Sales  Engineers,   Tulsa 

Sound Off   (Damping Material)   — Sound  Solutions % Ponto 
Sales Engineers,  Tulsa 

Dee Bee  Dropper  (/20221  — Sound  Solutions  %  Ponto  Sales 
Engineers,   Tulü. 
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ACOUSTICAL FACILITY SURVEY 

Concurrent operation of two acoustical surveys has taken place 
during the last year at Fluid Power Research Center.  The survey of 
fluid power pump sound levels is presented in Chapter IV.  This appen- 
dix deals with the second survey, which will provide data that will 
describe the amount of correlation tha«. can be expected from measurer 
ments of the same source in different labo^atlories.  An electronic 
source has been designed and constructed at ..be  Fluid Power Rerenrch 
Center to be used as the common source to be tested by all survey 
participants. 

The function of the electronic noise source (ENS) is to produce a 
constant sound level in three different modes; namely, broad band, 
pure tone, and oscillating pure tone.  The electronic stability for the 
source has been evaluated to be approximately 1.12%.  A list of elec- 
tronic components for the ENS and a schematic have been provided in this 
appendix. 

The acoustical facility survey participants include organizations 
from Japan, Germany, England, Scotland, and France  Data that have 
been received shows the white noise standard deviation to be 0.36 dBA, 
and the pure tone standard deviation to be 2.1 dB. 
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LIST OF ELECTRONIC COMPONENTS 

Component: 

Power  Supply 

Power Supply 

White  Noise  Generator 

Low Frequency Oscillator 

Voltage  Controlled 
Oscillator 

Operational  Amplifiers 

Audio  Amplifier 

Spea'.cer 

Manufacturer Model  Number 

ACDE Electronics,   Inc. 0A15D1   .1-1 

Elgenco 3609-A 

Elgenco 3606A5512A 

W.  H.   Ferwalt,   Inc. SP01088 

W.  H.   Ferwalt,   Inc. VC068513 

Analog Devices 1A4A 

Arvee  Engineering 202 

Altec Lansing 755-E 
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CORRESPONDENCE LIST FOR ACOUSTIC FACILITY SURVEY 

Dr.  D. Unruh 
Cessna Fluid Power Division 
P. 0. Box 1028 
Hutchinson, Kansas 67501 

Mr. B. Coats 
Vehicle  Components  Division 
Technical  Center,   Bldg.   G 
Caterpillar Tractor Co. 
100 N.   E.  Adams  Street 
Peoria,   Illinois 61602 

Mr.   J.  Bolinger 
Sundstrand Hydro-Transmission 
2800  East   13th  Street 
Ames,   Iowa    50010 

Mr.   T.   A.  Klausing 
Denison  Research  Center 
P.  0.  Box 12 30 
Columbus,   Ohio    4 3216 

Mr.   C.  T.   Caliri 
Cincinnati Mllacron,  Inc. 
4701  Marburg Avenue 
Cincinnati,  Ohio     A5209 

Mr.   G.  A.  Morrell 
Clark Equipment  Co. 
P.  0.  Box 188 
Cassopolis,  Michigan     49031 

Mr.  H.   N.   Underwood 
Borg-Wamer Corporation 
Roy  C.   Ingersoll  Research  Center 
Wolf  and Algonquin  Roads 
Des  Piaines,   Illinois    60018 

Mr.   Z .   J .  Lansky 
Parker-Hannifin Corporation 
17325  Euclid Avenue 
Cleveland,  Oh'o     44112 

Mr. W. R. Brown 
Eaton Corporation 
Research Center 
26201 Northwestern Highway 
Southfield, Michigan  48076 

Mr. T. Kostek 
Commercial Shearing, Inc. 
1775 Logan Avenue 
Youngstown, Ohio  44501 

Mr. J. Harris 
J. I. Case Company 
CC 124 
Environmental & Electric Labor- 

atory 
Corporate Test Center 
24th & Center Streets 
Racine, Wisconsin 53403 

Mr. W. C. Smith 
IBM Corporation 
Dept.   447,  Bldg.   030-1 
Rochester,  Minnesota 55901 

Mr.   J.  Hayes 
Cummings  Engine  Co. 
Technical Center 
1900 McKinley Avenue 
Columbus,   Indiana    47201 

Mr.  F.A.M.  Willekens 
afd. Werktuigbouwkunde 
Technische  Hogeschool 
Eindhoven,   The Netherlands 

Mr.   F.  W.   Baggett 
Serck Developments 
Gloucester Trading Estate 
Hucclecote 
Gloucester GL3  4XE 
England 
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Correspondence   List   for   Acoustic   Facility   Survey 

Professor   D.   MtCandlish 
Bath University 
Bath,   England 

Mr.   J.   Currie 
Special Projects Division 
Department of Trade & Industry 
National Engineering Laboratory 
East Kilbride 
Glasgow G75 OQU 
Scotland 

Mr. James R. McBurnett 
Chief Analytical Engineer 
Tyrone Hydraulics, Inc. 
P.O. Box 511 
Corinth, Miss.  38834 

Mr. J, W. Broome 
Vice President of Engineering 
Racine Hydraulics & Machinery Inc, 
2000 Albert Street 
Racine, Wisconsin  53404 

Professor H. K. Müller 
University of Stuttgart 
Stuttgart 
German   Federal   Republic 

Dr.   Wilhelm Groiheer 
Robert   Bosch  GmbH 
Techisch-Wissenschaftlicher  Mitarbeiter 
Leiter der Abteilung ARustik 
7016  Gerlingen-Schillerfiöhe 
Robert-Bosch-Platz  1 
German   Federal  Republic 

Mr.   G.   JeMontille 
GETIM 
2 Av. Felix Louat 60304 
Senlis, France 

Dr. Shigen Tsuji 
Professor of Engineering 
Tokyo Institute of Technology 
12-2 Ookayama 
Meguro-Ku, Tokyo, Japan 

Mr. Kendali KcBroom 
Project Engineer 
Advance Products 
CORAD Division 
Donaldson Company, Inc. 
1400 West 94th Street 
Minneapolis, Minnesota  55440 
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A USER'S   GUIDE  TO  THE  ACOUSTICAL  DATA REDUCTION PROGRAMS 

Calculations  in acoustical   data  reduction  require many detailed 
and   repetitive   steps  to  be   accurate.     Because  of   the  tremendous   flow of 
noise  data  through   the  OSU-FPRC  acoustics  laboratory,   the   use   of   the 
computer  in this  capacity has  become  a necessity. 

Three programs are given in this user's guide — one for each of 
fluid-borne, structure-borne, and airborne noise. The input data to be 
used consist of noise levels taken from a third-octave band analyzer at 
the 21 center frequencies between 100 and 10,000 Hz. The program will 
average, on a power basis, up to ten sets of measured source levels and 
up to tens sets of reference or background data. The programs are con- 
sistent with each other in general form and appearance of output. Each 
program is written i.i the FORTRAN IV language for use on the IBM 360/65 
system. 

The   airborne   noise data  reduction program  is  longer  than  the   other 
two due   to  the  large  number  of  background  corrections  necessary.   The 
procedure  it uses complies   to   the    current ISO proposed  test   codes  for 
reverberant environment   testing.     The  airborne  noise  program computes   the 
corrected  values  for  sound  power,   total  A-weighted  sound  power,   and A- 
weighted  sound pressures  at   three   feet   from  the  source   in  a  free   field 
over  a  reflecting plane. 

The   fluid-borne  noise  program corrects   the measured noise   levels 
with instrumentation background  noise  data and  the  correction  factor  for 
the dynamic pressure  transducer.     This program then  computes  A-weighted 
power and pressure  levels relative  to  20vjN/m  .     This is  consistent with 
the   techniques  for airborne   noise  data  reduction  and aids   in   the.   deriva- 
tion  of   transfer  functions  from  fluid-borne  to  airborne noise. 

The  structure-borne  noise  program also  uses instrumentation back- 
ground noise and transducer correction  factors  to correct  the input. 
Acceleration  levels are   read  into  the   program to  compute  displacement, 
velocity,   and  acceleration  for each   1/3 octave  frequency,   as  well   as 
total vibrational  levels. 

COMPUTATIONAL  PROCEDURE 

The method of data reduction for airborne and fluid-borne noise is 
illustrated and explained in detail along with similar programs in Ref. 
[8]   and  will  not  be  discussed here. 

The  input   for  the  structure-borne  noise program consists of  acceler- 
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ation levels taken from 1/3 octave band analyzer, correction factors 
for the transducer at each frequency, and a conversion factor of the 
transducer for converting output voltage to meters/second .  The acceler- 
ation levels are first converted from decibels to an output voltage level 
using the formula : 

Where: 
A=   (5   x  10-6)10a/20 

A = acceleration output   voltage   from transducer 
a =  acceleration  input   level   from 1/3 octave  analyzer 

in  decibels 

The   levels   for   the  vibrational  source  and  background noise  are   both  con- 
verted   to   power.     Then,   the  vibrational   source   levels  are   corrected using 
the noise   levels and  transducer  and  correction  factors with: 

Where: 
CA =   (1  + UP)   (VIB   - B) 

CA =  corrected  acceleration output  voltage 
UP - transducer  correction   factor 

VIB = vibrational  source  acceleration output  voltage 
from transducer 

B  =  background  acceleration output  voltage   from  trans- 
ducer 

If   the   background noise  level   is  greater   than or equal  to  the vib- 
rational  source   level,   then  CA  is   set   to  the  minimum measurable   accel- 
eration  level.     The voltage-to-acceleration  transducer  factor  is   then 
divided  into   these values.     Then,   using  the   basic   formula  for  converting 
vibrational   acceleration to velocity  and  displacement,     the values   are 
divided  by  their  frequency,   once  for velocity and twice   for displacement. 
The  decibel  quantities  are   then  found  relative   to  10      m/s     for  accelera- 
tion,   10       m/s   for velocity,   and  10-11 m for displacement. 

PROGRAM MODIFICATIONS 

All  of   the   programs can be  modified   to  reduce  noise  data  from any 
source  as  long as  the  input  data  are   of  the  right  form.     For example,   if 
one  were  reducing airborne  noise  data from a relief valve,   the  appropriate 
correcticn  factors  in the  data  file,   such  as  drive  shaft noise,   should be 
set   to  zero. 

The  structure-borne  noise  program uses  a  "voltage-to--acceleration" 
transducer correction factor.     If  a  transducer  is used which  reads direct- 
ly  in  acceleration on the  1/3  octave   analyzer,   this   factor  should  be  set 
to  unity. 

- PROGRAM  IMPLEMENTATION   - 

Each  program has two main parts  — the program and  the  data  file. 
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The    "ata   file   can   be   stored   at   the   end  of   the   program,   or   it   can   be   stor- 
ed  separately  and  run  together  with   the program.     This  is more   acceptable 
if   many   runs  are   to  be  made   with   limited  storage   space.      If   disc   storage 
is   available,   all  comment   cards  should   be   removed  and  the  program modified 
so   that   the   data   file   will   automatically  call   the   program  when   it   is   run. 
The   data   file   for  this  purpose   is  named   a   "calling program"   and   is   a 
regular  data   file  with  the   job   control   statements  preceding   the   data.      If 
a  great  quantity of data  needs   to   be   reduced  regularly,   this   is  by   far  the 
most   ecomonical   way. 

The   programs used at   the  OSU-FPRC acoustics   laboratory  are  used main- 
ly  with  a disc-stored program and  calling program.    However,   the  same  pro- 
grams  with  separate data  Hies  are   stored   in   the   library   for  occasional 
modifications  and  listings.     The   relationships of  the  programs  anc   the 
name   of   the   programs  are   shown   in Table  E-l.     Note   that   the  programs  on 
disc   are   not  worked  with   after   they   are   stored   but   are   called   by   their 
respective   calling  program. 

Listings of  all  of   the  programs  and data  files  are  presented   in   the 
remainder of   this  appendix.     A listing of   the  disc-loading routine   and 
disc-calling program are  also  included. 
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TABLE  E-l 

ACOUSTICAL DATA  REDUCTION  ROUTINES  AND CALLING  PROGRAMS 

Purpose 
of 

Program 

Main Program 
Scored  in 
Library 

Data  File 
Stored  in Library 
For  Main  Program 

Main Program 
on  Disc 

Calling 
Program 

Airborne* 
Noise 

NOISY 

Fluid-borne 
Noise 

PULSY 

abn  « 

fbn 

AIR 

PSI 

air  (HI 

psi 

Structure- 
borne SHAKY 
Noise 

sbn VIB vib 

*The   suffix  "##" stands  for   the  RPM of   the  system (in hundreds)   on which 
the  data file   should  be  used.     The   data  files will  be   different   for 
different  speeds because of   the  drive  system background  noise  data  and 
correction  factors. 
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Preceding page blank 

Main Program 

NOISY 

for 

ABN  Data  Reduction 
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c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

01 PENSION   A(?l,lJ),LUb(2\,Ul,L'rt(2l,lUI,C(2ll,J(211,T)(?l)1 

IVCUU ,BQUU flOiaVI idOPint irtpm 1 .LPCll ,CPt2l I.CQtZ' I, DQ(2lli 
2nP(2n,Ü2(ill1C)(5U>rf,(2l),(->'l^n,Ol(21l,rtl(2ll,BlP(ril,DlP(21l 
■J ,&P(21 I ,&U(21 1 ,HC(?i 1. hP(21 I. JA,' (2U,T 1( 211, T IP{ 21 1,ÜP( 2l| ,001 21 
«.I.PDI 211 tPPI 211 .H»^! 211 ,0Pt21( ,jnt2U ,AP(2U .ROtZll ,flP(21 l,SPI21 
^ I   SQ12 1l,bAn( 21I,S0& (211 , S0P1 211 , XP( 21 1 ■ A0( 211 ,R2PI 21) , 
bi*20t21l,R20P(21l ,KP(2ll,K0(?l l,^S(?l I 

OOUdU   PRECISION   A,LUrt.LRH,C,P,TO,v0,3C,LO,B0P,hP,LP.CP,r.0l 

1 JO,   DP,02.EOiEP.PPlOl,HliRlPiOlP,GP,G3,H0,HP,Ü4P,n,TlP .OP.DOi 
?PO,PH,hAP,UP,u0.iP,RC.RP,SP,SO.Q»C,SAll,SOP,XP,XO,ö2P,SPT,üB, 
3TP, ÜBT.R 20,0 2DP,K.P ,K0,RS 

-, ^AO 
JS^O 

THE      1/3  nCT''. *c 
IN THIS PMJGBAH 

CENTER    FREJUEN; IE S   TO   BE 

JEAC(5,2UMAi 1,1 I, 
20   f'|RMAT( 7F10.31 

CfinT INUE 

1 = 1 .21 1 

REÄO( 5,2C1(A( I ,<,! ,1 =1 ,211 
CONT INUE 
R£Äü(5 ,201 IRS( I I ,I»l .2! I 

THE   NEXT   21    NUMBERS    ARF   THE   CORRECTION   FACTORS 
USEO    Ttl  CONVERT   TO   DBA 

READ!5,20llC(11,1=1,211 
CTNT INUE 

f-EAJ   IN   IN)    AND   (Ml   HHETE    (Nl    IS   THE   NUMBER   OF 
MEASURMENTS   OF    THE   UNKNOWN   SOURCE   TQ   BE   AVERAGED   AND 
(M|    IS   THE   NUMBER   OF    MFASURMENTS   OF    THE    REFERENCE 
SOURCE   TO   BE   AVFWAGEü 

JEALM S,l 01 N,M 

^EAD   THE    VALUES   FU«   THE   fLUID   PlwER   SYSTfH   PARAMETERS 
NP = OSU  PUMP   NUM'iEA,   NPR^SVSTeM   >>RESSUnE,   NI »INLET 
PRESSURE,   NS=   SYSTEM   RP«,    F^ = FLU   1<ATE,    TM«    SYSTEM 
TEMPERATURF 

OOOOOOSO 
OOOOOOöO 
0U000O7O 
ooouüoeo 
ooooooqo 
0000010O 
0Ü0ÜU110 
00000120 
OOO0Ü130 
Ü0OU01'.0 
OOOOOISO 
00000160 
00000170 
00000180 
000001 ^0 
00OJ02OO 
000JJ210 
00000220 
00000230 
000002'.0 
00000'. 3 0 

THE   NEXT    21   NUMBERS   ARE    THE    SOUND    POWER   CALIBRATICN OOOOO'.SO 
VALUES.      Ad.'.l    BEING   THOSE   USEO   FOR   CORRECTING   THE    UN<NQWN, OOOOO'.bO 
AND   kSdl   BEING   TriQSE   USED   TO   CORRECT   ALL   OTHER  MEASUREMENTS. JOOOO'.bl 

^EAOt 5,251 NP 
REAQI 5,251NPR 

ÜÜÜOO'.rtO 
ooooo'.qo 
00003500 
00000510 
00000700 
000007 10 
00000720 
000007-<0 
000007^0 
00000750 
00000760 
Ü0000770 
00000970 
000009^0 
00000993 
00001ÜJ0 
00001010 
00001020 
00001030 
OOOOIO'.O 
00001050 
OOOOlObO 
00001070 
OOOOIOBO 
00001090 
oooouoo 
00001110 
00001120 
00001130 
OOOOUOO 
00001150 
00001160 
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«EÄO(5.25INI 00001170 
PFAD(5,25)NS 00001190 
HF A0( ^i2 81 FR 00001190 
RtAU(5,?B|TEM 00001200 

^^ F JRHAT (151 000012.0 
?s FORMATIF 5. 11 COOO'.^iO 
i'h FOKMAK25X,29HSYSTFM   P1RAMETERS   FOR   0SU-NP-,I2I 30001230 
lü FORMAT (2 IS 1 000012'.0 

c 00001250 
00001260 
000012 70 
00001280 
00001290 

c 
c HEAJ   THE   VALUES   FOR   THE   UNKNOWN   SOURCE    ILUB) 
c 
c 

WE.'.D15,20li!LUB(I.J,.I = 1.2n.J»l.NI 00001300 
|F(N.EO. UGO   U,   ?1 00001320 

c 00001330 
00001 J'.O 
00001350 

c 
c COMPUTE    THE   AVERAGE   OF    (Nl    HEASURMENTS   OF    (LUB) 
c 
c 

00001360 
00001370 

00   «0   1=1,21 90001380 
AV.0.0 00001390 
00   JO   J = l ,N Ü0001<.00 

OOOOIMO 
30 CONT INUE 00001'.20 

All .2MAV/N OOOOl'.JÜ 
'.O CONTINUE 00OülA'.0 

GO   TO   M 000ül<.50 
?1 OC   22    1=1 .21 0000l<.60 

i 1 I , 2 1 =L UB (I , 11 0000l<.70 
22 CONT INUE OOOOl'.BO 

c 0000l'.90 
c 
c 

00001500 
00001510 

c 
c 

00001520 
00001330 

<.5 REA015,20)l<LRB(I.JI.l=1.21l,J-l.Ml 000015'.0 
c 00001550 
c 
c 

00001560 
000015 70 REAC ThE  VALUES   FOR   THE  OUTSIDE   SOUND   LEVEL   (Til 

c 
c 

00001590 
00001590 

REAOIS.ZO) ITHII, 1-1 ,21 1 00001600 
IF (M.EU. 1IG0   TO   23 OÜOOiölO 

c 00001620 
00001630 
ODOO^'.O c COMPUTE   THF   AVERAGE   OF    ( M|    HEASURMENTS   OF   (LRBI 

c 
c 

00001650 
00001660 

DO    7C   l«l,21 00001670 
AB=0.0 00001690 
DO   60   J»l iM 00001690 
AH-Ab»LRB(IiJl 30001700 

hO CONT INUE 00001710 
A( I ,31 =Ari/M 00001720 

7Ü CONTINUE 000017 30 
GO   TO   75 000017<.0 

23 00   2'.    1>=1 ,21 00001750 
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A( I,3>«LRB(I ,1 ) 
?'•   CnNTINljt 

c 
c 
c 
c 
c 

c 
c 
c 
c 
c 

c 
c 
c 
c 
c 

c 
c 
c 
c 
c 

c 
c 
c 
c 
c 

c 
c 

c 
c 
c 
r. 
c 

c 
c 
c 
c 
c 

c 
c 
c 
c 
c 

^E40   THE    TflftNSMISSON   LOSS   P JR   THE   RDCM   WALL    Uül 

7^   REACH 5,?CI( TO( I 1 ,1 =1 f21l 

'EAO   THE    VAME   bACK&RÜUND    ( V J) 

■icÄD( 5,<;0)( Vü( I I ,1 =1 ,211 

•<EA)   THE    HU1LD1N&   «*CKU«CUNJ    ( bOI 

«EAü( 5,201(001 I I ,1 '1,211 

READ   THc   REFERENCE    SOURCE   FOR   ClRfECHNG   (VOl   AND   (R0| 

REAU( 5,20,1 L0( I ) ,1 «1 ,211 

HE.\0   THE    DRIVE   BACKGROUND    IN    TH£   ROOM   102 1 

REA0( S,201(021 11,1=1,211 

READ   THc    DRIVE   OACKGROUNO    CI'.SUC   UF    THE   ROOM   (Dl) 

REALM 5,20)(D1( 11,1-1,211 

READ   THE   BUILDING   '(ACKGRUUMJ   QUTSIOf    OF    THE    ROOM    (all 

PEAD( 5,20l(8l( 11,1 = 1 ,21 I 

r<EAO   THE   REFERENCE   SIIUKCE   F 1^   CaKRE:TlN3   (021 

RE40(5,20 l(R20( I I, 1= I, 21) 

CQMrL''E THE SOUND PlwEt OF THE UNKNOWN SOURCE IN DBA 

00 80 I-I, 21 
*2 0Ptn»lO.**((R2D(n-7<,. 1/10.1 
aQP(Il-bO(Il*RS(II-LOIII 

000017b0 
00001770 
00001780 
00001790 
3OO018J0 
00001810 
OOOJ1820 
000018 JO 
OOOOH',0 
OOOOlB'iO 
00001860 
00001 870 
OOOJl880 
OOOOlrtOO 
00001400 
00001^10 
33001920 
00001930 
00001940 
00001950 
00001960 
00001970 
300019B0 
00001990 
000020UO 
00002010 
00002020 
00002030 
300020'.0 
00002050 
00002060 
00002070 
00002080 
00002090 
33032100 
00002110 
0000212J 
00002130 
000021'.0 
000021 SO 
00002160 
000021 7 0 
00002180 
00002190 
00002200 
00002210 
30032220 
000022 30 
00002240 
00002250 
00002260 
00002.'70 
000022PO 
00002290 
00032JOO 
00002310 
00002320 
00002330 

86 

^k. ■diO'Miir.« 



1 

^ 

HP(I l=lJ.«»((U0P(ll-7'..)/\O.l 
<P( I UM2DP< I 1-HP( I ) 
LPtl I -10.*»( ILOM l-Ti. , 1/ 10 . I 
r.Pl 1 1 =LP( I 1-BPl I ) 
If<öPt I) .OE.LPI UlCPl 11« 1.0/10.»»3. 5 
CPU l=10.»OiOGlO«CP( 1 I )»T'.. 
001 1 I = V1I 1 l»RS( I )-CO(l ) 
DP( I I «U .♦•( tOOl I 1-7«. 1/10. I 
rt?r( 1 I =DPI 1 I 
XP( I l = LP( 1 1-B2P( I 1 
IF1B2PII I.GE.LP« IDXPI I l»l.a/lü.»»3.5 
XU(1 I = lJ.»OlO&ld(XP( I I I W.. 
KOI I 1= IJ.»OLOG10(KP( III»?'.. 
f HI I ) =C2 ( I I »RSd 1-KO i I I 
'Pill M J.»»l (EOI 11-7'.. 1 /Id. 1 
FP( 1 1= PP I I )-B2P( 1 1 
IF    BPPdl.Ot.FPIIIIFPI 11=1,0/10.»«i.5 
niPI 11=10. ••1(1)1111-7'..1/10. 1 
131P1 I 1 = 10.••((811 1 I- 7'..I/10. I 
.P( 1 1 =01 PI 1 I -Bl PI I I 
It-IJlPd I.GF.DIPI HlGPd l«l.0/10.»*i,5 
f.Ol 1 )= 10 .•OLOGIJ (GP| I 1 I »7',. 
U0(I I=00(1l-T0(I 1 
•IP I I 1= 10.»»l (Mül I I -V*.. I /\ 0. 1 
04P( 1 l = FP( 1I-HP( 1 I 
1F(HP(II.GE.FPI1110ÄP(1I=1.0/Id.«»3.5 
TIP( 1 l»lO.**ilTUI )-T<.) /10. I 
CP( II = T1P(II-G1P(I 1 
IF tiJIPIl I.GE. T1P(I IIOPI 1 1=1 .0/10.» »3.5 
'1(11= 10 .•OLOCU(OP( 111*7'.. 
Pn( |1=00(1 1-TC( 1 I 
PP( 1 1 = 10.••( ( POI I »-7A. 1/1 Ü.» 
:(uP( I | = PP( I (♦DAP( i l*B2P( ! 1 
AP(I I ^1J.»*( Ul I ,3>-7'.. 1/' 0. 1 

JP( 1 1=ÄP( I l-a2PI 1 1 
IF (tJ2P( 1 1.   f .API 1 I IjPI I 1= 1. J/10. »»3. 5 
jrid 1 «ld.*OLCG10(UPi I 1 l*?«. 
«Ü( ! I^A( 1 , 21«A( I ,'.1-00(1 I 
JPd 1=1J. '«((HOI [ l-7<.. J/lJ.l 
<;?( I 1 =»P( ll-BAPl 11 
IFIBAPd I.GE.RPl 1 1 ISPd 1 =1.0/10.*»3.5 
A( 1,^) l = A( i.'.i-onn 1 
SOI 1 I »ld.»OLOClO(SPI I 1 1 »74 . 
A( 1 ,61 = SU1 I 1 
HAOI 1 1=10 .•DL0G1 J IRAPI 1 I I ♦7'.. 
All 17)=rtA0( 1 1 
P( 1 1 = A( 1,61-7.0 
Ad tl01=A( 1 ,0 l«C( 1 1 
A(I, n=(10."(A(I,101/10. 11/10. ••12. 
A( i,ai=on( 11 
Ad  ,11 1 =AI 1 ,11 
SOA( 1 l«SO( I 1+Cd 1 
SOP( I I*(10.••(ST AMI/10.11/10.••12. 

HO   CONTI NUE 
TP = 0.0 
SPT=0 .0 
ÜB =0.0 
00  "»O   1=1,21 

30002i'.0 
00002350 
00002360 
00002370 
JOOO2JS0 
00002390 
00002<.00 
00002'.10 
Ü0002'.'0 
U0002'.30 
00002'•■'.0 
00002'. SO 
O0002'.&0 
00002;. 70 
OOOOJ'.BO 
0J002'.*»0 
00002S00 
J0032c.l0 
O0002'520 
00002") »0 
OO0O25'.O 
0000? ■iSO 
0OOO2'360 
300O2';70 
eoo025-<o 
00002510 
00002600 
0000261 0 
00JÜ26?0 
00002630 
00002640 
00002650 
00002660 
00002670 
30002680 
00002690 
OÜ0027UO 
00002 710 
0000272J 
00002 7 30 
000027'.0 
00002750 
00002760 
00002770 
aooo2 7ao 
00002790 
00002800 
00002310 
30002') 20 
00002830 
00002fl'.0 
00002850 
00002660 
00002870 
00002880 
00002890 
00002900 
00002910 
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0 0 

nH=()Qt A(  1,10) 
TP= TP«  SOP( 1 ) 

CUNT INUF 

CPT = 10.»DLQ&10 (SPT |«7<. . 

DBM'l C. *DL0&10( TP*1 0.**12. 
)B7=OB"-7 .0 
PPS'NPH 
HPR=(DRS»FRI/171A. 

PRINT    THE   OUTPUT   TABLE   Fl'R    THE    UNKNOWN   SOURCE    (LUR1 

-Rl IE! 6, 1501 
^PITElb, 150 1 
WRl Tt (o, IbOl 
<iU I Te( 6, 17U1 
WRIT £(6, 120 I 
hB| TEI6,1301 
nil'    t b, 1201 
rt<lTt(6,lU0l((AII.JI,J»l.ll),l=l,2n 
H"! TF(6,120I 
WRIT»1! 6, 135)0HT 
WR1TE(6,133)TP 
WR! TE ( 6, IAJI OHA» 
MR|TE( 6, 136I0H 7 
WR|TE(b,l2U) 
WRl TF 16,2olNP 
WR ITE1 6, 20UHPR 
rtPITE(b.27INPR.NI.NS.FR.TFM 

WKI T?t b. 12UI 
WR ITEI6, 1251 
FORMAT (IX ,Fb .0 ,S F7 .1 
CI'HMAT1 I *,8JH  

100 
120 

1  
'.2 5 FO^MA'- 
130   FORMAT 

1 P 
1>3   FORHAT 

1--- ,0 
1 i".    FORMAT 

lT<-0 BE 
Xf) FORMAT 
13h    FORMAT 

'.CENT F 
KO   FORMAT 

150   FORMAT 
16Ü   FORMAT 
170   FORMAT 

2 7   FORMAT 

WX.bHS 
21 2HTtM 

201    FORMAT 
STOP 

':N0 

(////I 
(2X,B0HFREU 
WR CHA 

(IX.bTHTCTAt " 
P. 2) 
(9XIb3H',ACTUU 
LOW" I 
( IX, 35HUNHt I OH 
(IX,b7 HI HREF F 
1EL0 ••,F6.2, 
( 1 X,f■7H,,A•' ftc I 
 .Ft,.?, 

(/I 
(37X,aHnSJ-FPR 
l2bX ,29HACCUST 

( lX,9HPRe SSU«E 
PEEO=, 1«. ,3HRP^ 
PEKATU«E',F'..l 

1 32X, 1 2HH0<SF 

, Fb .1 , 3F7. 1, 3X, 08. 2, F7. I, 2X,F6.0I 

     I 

LUB           LRB              LR           COPR        LU 
FREQ               I 

A"   WEIGHTED   POWER     

LEVELS   ARE   LESS    i HAN   OR   EQUAL    TO   THOSE 

TEO   SOLND   POWER ,F6.2, 
EET   FROM   THE   SOURCE   IN   A   HE^ISPHFR 
1X.bHOBA   »•) 

&HTEO SOUND POWER   
IX,3HDB1I 

Cl 
ICS   LABCRATORY   DATA   LOGI 
».U^HPSl i2X,6HINLET«Il2 ,3HPSI , 
,2X,10HFLÜW   RATE-if'.. I, IH&, ?X, 

.IHCI 
POWER«,Fb.2.2HHPI 

ooou2q70 
00U02 ;30 
000027<.0 
0J002950 
000029b0 
00002970 
00002980 
0000293<. 
30O029rt5 
00002990 
00003000 
00003010 
00003020 
00003030 
000ü30'.0 
OOJ03050 
0000JObO 
J0003O7O 
000030RO 
00003090 
00003100 
00003110 
00003120 
00003130 
OOOOil'.O 
00003150 
00003lbO 
00003170 
00003180 
000031B5 
00003190 
00003200 
00003210 
00003220 
•3J0032 30 
000032<.0 
00003250 
0QOO32bO 
00003270 

 00003280 
00003290 

PRE SFN00003300 
0J003310 

IX,2HCB»    00003320 
ICALLY 01VER00003330 

000033'.0 
 0000 3 3 50 

0OUO33bO 
00003370 
000033 80 
00003390 
Oü003<.00 
OOOOS'.IO 
00003^20 
000O3'.25 
00003'.?0 
OOOOS'V'.O 

BA V A 
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-  DATA  FILE   STRUCTURE   FOR  AIRBORNE  NOISE  WITH  PARAMETERS 

LISTED     IN ORDER OF OCCURRENCE   IN  DAIA FILE  - 

A(l,l) 

A(1.4) 

RS(I) 

C(I) 

N & M 

NP 

NPR 

Nl 

NS 

FR 

TEM 

LIIB(I,N) 

LRB(1,M) 

T(I) 

TO (I) 

VO(l) 

BO(I) 

LO(l) 

The  21   third-octave   center  frequencies   at which measure- 
ments  are   taken   (7F10.3). 

The  21   values   of   reference  source  output   to  be  used  for 
environmental  correction   (7F10.3). 

The   21   values  of   reference   source   used  with   R2D(I). 

The  21   correction   factors   for  converting dB   to  dBA 
(7F10.3). 

N   is   the  number  of  sets   of  unknown  source  data  to  be 
averaged.     M is   the  number  of   sets   of   reference   source 
data  to be  averaged   (215) . 

Pump   identification  number   (15). 

System pressure   (15) . 

Inlet  pressure   (15) . 

System rpm  (15). 

Flow rate in gpm (F5.1). 

System temperature (F5.1). 

N sets of unknown source output data (7F10.1). 

M sets of reference source output data (7F10.1). 

The 21 outside sound level values (7F10.1,. 

The 21 values of transmisbion loss for the revcrbera'.it 
room (, '".■"O.l) . 

The 21 values of diffuser noise backgrount'. 

The 21 values of building noise bad' round. 

The 21 values of the reference sourct 
VO and BO. 

ecting 
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^ 

D2(l) 

DUD 

BUD 

R2D(I) 

The 21 values of drive system background inside the 
room. 

The 21 values of drive system background outside the 
room. 

The 21 values oi  building background outside of the 
room. 

The 21 values of the reference source for correcting 
D2. 
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TABLE E-2:   Data File ABN ##. 

60. 
70. 
80. 
90. 

inn. 
no. 
120. 
130. 

nnniionr.0 ion. 
nonoon70 5Rn. 
noonnnsn 2500. 
oooonnin 7i.q 
nnnooioo 76.T 

nooonno 75.fl 
oononuo 72. 
nonomo 76. 

125. 
630. 
3150. 
75.1 
75.fl 
7U.q 
75.5 
75.5 

160, 
800, 
1.000, 
75.0 
75.1. 
7U.6 
75.5 
76, 

200, 
1000, 
5000, 
75,3 
75,0 
75,1 
75,5 
75,5 
75, 
-10,R 
0,0 
0,5 

350. 
1250. 
6 3 00. 
7u.q 
71..5 
71..5 
75.5 
75.5 
72.5 
-fl.6 
0.5 
-n.2 

315, 
Uion. 
8000. 
76.2 
7 5.1 
75.0 
76. 
76. 
75. 

1.00. 
2000. 
10000. 
75.2 
71.. 7 
71.6 
75. 
75.5 
71.5 

1U0. 
150. 
IRO. 
170. 

onnonmo 7fi. 
nnnnni5o -iq.i 
00000160   -5.3 
00000170   1.5 

75.5 
-16.1 
-1.9 
1.2 

75 , 
-13.2 
-0,8 
1,0 

-6.5 
1.0 
-1.1 

-U.R 
1,2 
-2.U 

IfiO. oonooiflo         1 1 

190. ooonmqo         1. 
200. 00000200    2onn 
210. 00000210         0 
220. 00000220        600 

230. 00000230       6.0 
2U0. 
250. 
260. 
270. 
280. 
210. 
300. 
310. 
320. 
330. 

0000021.0     38.0 
00000250   65.1 
00000260   57.5 
00000270   U5.9 
00000280   6R.3 
00000290   73.R 
oononioo 75.9 
00000310   R5. 
00000320   6:1.3 
00000330   61.8 

5 6.6 
57.R 
1.5.3 
71.7 
73.2 
75.6 
71*. 
66.7 
58.2 

57, 
53,2 
1.9,2 
7l4, 
7U, 
714.2 
6 7,q 
62,8 
56,q 

6U, 
51,3 
1.5,1. 
75,3 
75,R 
73,11 
69.5 
60,5 
57,5 

58.6 
51. 
UR,2 
77.6 
75.3 
7U. 
Gfl.fl 
60.2 
57. 
28. 
311.5 
1.2. 
39. 
39, 
30. 

63.3 
Ufl.7 
U7.9 
77. 
75.7 
73.2 
71. 
5fl.2 
59.6 
29.5 
31..5 
U1..5 
39. 
39. 
39. 
39. 
- Q 

67. 
I.I.. 2 
li7.2 
76.3 
7'■. 

6'.. 2 
/O.l 
61. 
51.. 6 
32.5 

31)0. oonon3uo 20. 21.5 21., 26, 
311.5 

350. 
3B0. 

00000350   311.5 
00000360   314.5 

3U.5 
3U.5 

31.,5 
36, 

31». 5 
39. 1.7. 

39. 
370. 
380. 
310. 

.10000370   l.R.1. 
noono-.RO 39. 
00000390   39. 

liq.fl 
39. 
39. 

■lO, 2 
liO, 
39, 

59 . 
1.2,2 
39. 

39. 
30. 
30 . 

UOO. 000001.00   U6.R ltR.5 39, 39, 39 . 
39. 
39, 
73.8 
7u.q 

30 . 
1.10. 
1)20. 

000001.10   39. 
000001.20   3q. 

39, 
3q. 

30. 
3q, 

39. 
39. 
71.. 6 
71..R 

39. 
71.. 3 

3o! 
73.2 

1.30. O0nOOU3O  69,3 70.R 73, 3 
75'. 
72,7 
57,6 
60.6 
1.7.3 
61. U 
58. 
53.1. 
1 f\ 

71..3 
UUO. oooonuito 7^.6 73.7 73.R 

67. 
57. 
52.1 
1.2. 
65. U 

1.50. 
1.60. 
1.70. 
1.R0. 

000001.50   75. 
OOOOOUBO   51». 
000001.70   55. 
OOOOOURO   52.6 

7U,6 
55.8 
56.2 
51,7 

73,2 
53,2 
60,q 
1.5,R 

72,R 
71..'. 
5S,9 
1.5,3 

73. 
57.7 
56.fl 
1.7.3 
6li.3 
5R.R 
51. 
J9. 
y.. 

1.90. 
500. 
510. 

000001.90   69.3 
00000500 r.u. 
00000510   51.9 

RU,3 
60. 
uq. 

70,2 
62,3 
52, 

61., 3 
62, 
U9.R 

51..7 
1.7.3 
39. 

520. 
530. 

00000520   U6.3 
00000530   39. 

1.8.6 
3<t. 

1.3, '• 
3q, 

1.3, 6 
39, 39'. 

39, 
76,7 
75,1. 
73.9 

39. 
39. 
75. 
75. 
6R.3 

51.0. 0000051.0   39. 3q. 39, 39, 39, 

550. 0000055      70. 71.7 73, 75,R 76,1 

56n. 00000560   73.5 71..2 71',2 7U,2 75, ? 

57n. noonii570 75.5 75. 73,9 73,5 71., 1 

5[)n. 00000500   // 
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tu 
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z u. < 
CO ^ /-. 
< oo ti 

C <J 

n _J 

LJ 
i/l 

UJ v^- 

CD ^— 
< iri 
H -) 

CJ 

IS 
L5 

5 
CL 
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5C    | 
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U.     1 
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l/N IT D   1 

• « t-    | 
rr\ -f >3     1 
~0 if nr 1 

u >    1 

a- 1 
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I        trv u.    1 
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1        c _J 
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i- 

■a i 
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I         ^ ^1_. o  1 
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m • «-J "^r HP Bar" 
^ 

c 
i 
c 
r 
c. 
c 
c 

OlHfNS 1UN   A(?l ,5 I.OJMI?!, 'Jl.pK-tlil.l.ll.CI ^1I,PI 21» , 

1 •,Pi( '1 I .ftPäl 21 1 .CP(?l I IUPI.M I 

HuUoLF   i»->fcC rSIHN   A.PJö.f^-l.C.f.'.P^tiPJiCPfOP.UPiTP.OrtliOHl 

^AO   THE    ^1    l/.'    ):TJVC   CENTF^   FU'.ULNZIES 
TO   BE    USEu    IN   T.Ui    PKQGB4M 

R^AUlb i^OI IAH ,1 I i I«! .21 I 
20 FORMA!(7F10.11 

^CNTINUE 

1/ 

'HE    NEXT    21    .NUMBERS    4M F 
Ubru    TO   CONVERT   TH   QUA 

1 H-   C.WttCT ION   v ACTTM 5 

i-EALM S,2 J| C 
C.INT 1NUC 

( I I , I ^ 1 , 2 ! I 

•JEAO    IN   THE   NJMBER    JE   MEASURE!  ITS   TD   JE    AVERAGED--I 
Mf^sUHMENTf    EOF    THf    PR^SbURE   SOORCE,    M   FUR   THE 
-lACKORuUN,;   NU1SE,    EDRMATI?!1!) 

rAFMS ,1 J IN,M 

'MAT(2I 51 

^^Au    IN    THE    THANSDUCFR   f.3-RcCTMN   rACTOR 
FORMAT (F 10 .2 I 

REA0(5,1 I ITX 
1 I    FQRMATIF10.2 I 

^HO    IN   THE    VALOES    c Jf    ' HF   FLJID   POW ER    SYSTEM   PARA- 
IFTCOj.       NP = PUHP   NUMBER,    NP-Ur>uMP   OUTLET    PRESSURE, 
IP=INLET    PRESSURE,    NS=SYSrEH   RPM,    F'=   EL3W   RAT?, 
TEM = SrSTEM   TEMPFOA fu"17 

REAOtS.U )NP 
»E All 5,1 2INPK 
^i iUI 5, 12 ) IE 

J'AÜIb ,1 2 l' S 
^r AU(5,1 1 ;ER 
R [A.T(5, U ITFM 

ETRMAf(1^1 

PQWs III'  "'P I /I 71 •., 

REAU IN THE ME/SURE3 
FORMAT(7E1Ü.1 I 

VALUES FOR THE PRESSURE SOURCE 

00JÜ0050 
3J0DJOfiO 
000DD070 
ÜUOJÜOBÜ 
J30D33qO 
03033100 
J0000110 
30030120 
00000110 
OOJJOl'.O 
33333150 
00000160 
J000U?50 
00033363 
000003 70 
330333RO 
OOJOOS'JO 
0OOJO<.JO 
30000<.10 
0OO30'.23 
00000620 
JJ033630 
00000640 
00u0065o 
00030663 
33033670 
330336BJ 
00000690 
3003J70Q 
330337Jl 

00000702 
J003D703 
030307j; 
JU00J70'1 

33333706 
00000710 
OJ00072J 
33030721 

OJOJ0722 
3000072' 
033307?'. 
•3JOOÜ72S 
ÜÜÜ007?6 
OOOJ0727 
000007-'0 
00030 ".0 
00033750 
00000760 
33300770 
000007aO 
00000790 
330007')5 
030307^ 
OOOOOLJO 
OOOOORIO 
00030320 
0000ÜB30 
30030'! <.J 
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«E40t5,20ltlPUBl IiJIt I«li21I.J«ltNl 

C 
c 

c 
c 
c 

c 
c 

c 

c 

c 
r. 
c 
c 
c 

c 
c 
c 
c 
c 

c 
c 

FIND   TrE    AVESaO?    IF   N   MFÄSUKMtNTS   F3»    EACH    1/3   3:TftVE 
BAND FüR  THE  PRESSURE SOURCE 

:>o '.o i =i ,2i 
AV-0.0 
TD   30   J=1,N 
Av=av*Püa(i ,J) 

30  CONTINUE 
Al I,2l=AV/N 

AO  C ONTI NUE 

«FAD    IN   THE    MEASURED   VALUES    FOR   THE   BAC<GROUNO, 
F0HMAT(7F10. II 

REAO(5,20)IIPRB(IIJI,l=l,2ll,J'l,MI 

FIND    TH£    AVERAGE    OF    H   HEASURMENTS   FOR    EACH   1/3    OCTAVf 
BAND   FOR   THE    BACKGROUND 

D '   70    1= 1,21 
At =0. 0 
0(1    bO   J= 1,M 
AB=A3+PRB(1,J I 

60   CONTI NUE 
All, 3I = AB/M 

70   CONTINUE 
DO   80   I =1 ,21 

CORRECT   THE    PRESSURE    SOURCE   WITH   THF   BACKGROJNO 

AP?m=10.»«(IA|I,2)-7«..)/lJ.l 
AP3(II=10. ••((Ä( 1,31-7«..1/10. I 
CP( I l=aP2( [I-AP3I I I 
IFIAP3 II I.GE.AP2 miCPI 1 1=1/ 10.**3.5 

COMPUTF   THE   CORRECTED   PRESSURE   LEVELS 

All ,',! -10.*0L0G1 0ICPIIII+7i, 

COMPUTE    THE   "A"   WEIGHTED   PRESSURE   LEVELS 

Al I ,51 'All ,<,I»CI II 

00030850 
OÜ000860 
00000880 
00000890 
00000900 
00000910 
03030920 
00000930 
000009<,0 
00000950 
03000960 
00000970 
00000930 
00000990 
00001000 
00031010 
00001020 
00001030 
O^OIO'.O 
0Uu01050 
00001060 
000010 70 
00001080 
00001090 
33031100 
00001110 
-0001' 20 
30001130 
OOOOll'.O 
00001150 
00001163 
OOOOU 70 
00001180 
00001190 
00001200 
00001210 
30001220 
00001230 
OOOOW'.O 
00001250 
00001260 
00001270 
00001233 
00001290 
30001300 
30OJ1310 
00U01 ■»20 
00031330 
00001 S'.O 
00001350 
30031360 
00001370 
00001380 
00001390 
000011,00 
OOOOl'.lO 
O0OJl<.20 
0000l',30 
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C 
c 
r. 
c 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
f. 

c 
c 
c 
c 

COMPUTE   THF   POKER    ASSOCIATEO   WITH   THE    "AN   WMGHTFO 

PRESSURE    LEVELS 

411 t6l •(lc;,»«(AI 1 f5» /10.) I*U ./10.»»12.1 

COMPUTE    THE    POWER   ASSOCIATED   WITH   THE   UNWEIGHTED 

PRESSUfct    LEVELS 

UP( 1l»10.**( IA( I,4»-74.)/10.I 

COMPUTE   THE   "A"   WEIGHTCQ   PRESSURE    LEVELS   RELATIVE    TQ 
2 0   MN/M»»2 

Al I .7|=A( l,S )«TX 
A( I ,BI =AI I ,1 I 

80   CONT INUE 
TP=J.O 
00=0. 0 
00   90    1= I. 21 
DB*0B*A( I ,6 I 
TP=TP*CP I I I 

90   CUNT IHUE 

COMPUTE   THE   TOTAL   UNWEI&H'ij   p^ESSUr<E    LEVEL 

001= 10 .»DLOGIOI TPI»74. 

COMPUTE   THE   TOTAL   "A"   WEIGHTED   PRESSURE   LEVEL 

CrtA=lü.»DLUGIOIÜÖ»! I0.»»12.1 I 

COMPUTE   THE   TOTAL   "A"   WEIGHTED   ^RESSU<E   LEVEL   RELATIVE 
TO   20 -MN/M*«^ 

D0A2 = jPAtTX 

PRINT    THE   OUTPUT   T AHL c 

WR ITE(Ü, 169 1 
hRITE(6,l20l 
WRI TEt 6,1301 
WR ITE(6, 1501 
HKITE(6,1'.0) 
WP I Tr( 6, 1501 
WR IT^-(6, 100 ) (( A( 1, J I ,J= I, HI, 1=1, 21) 
WR ITC! 6, 1501 

00001 <.<.0 
00001450 
0C031<,60 
00001W0 
00001480 
00UJ1 (.90 
00001500 
0000151J 
00001520 
000015^0 
30001540 
00001550 
00001560 
00031570 
00031580 
OU001590 
3000UOO 
03031513 
00001620 
30001630 
00001640 
00001650 
30001660 
00001670 
00U016P0 
00001690 
00001700 
00001710 
00001720 
03001730 
00001 740 
00001750 
00001760 
00001770 
33001780 
00001790 
OOÜ018J0 
00001810 
00001820 
00001830 
0000'840 
00001850 
00001860 
30031870 
000018^0 
00001890 
00031900 
00001910 
00001920 
03001930 
00001940 
00001950 
00001960 
00001970 
G3001980 
30001990 
00002000 
00002010 
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SJ 

I JO 
101 

,r»..2, ix,2H3bi 
 ,F6.2, 

HRITE(6, 10110B1 
WRITE(6,lü2IOB& 

WR ITE( 6, 103I0H 
WR| r?(6,lO<ilOBA2 
WP I T^l t,150l 
WP ITEI6, 170 INP 
-iRITEU.lUiJPOO 
WRITE(6, 175INPR,IP,NS.FR ,TFH 
WRITE(6. 1^0 1 
KMl TE(6 ,164) 
FnRMAT( IX.Fb.O.'.FlO. 2,'.X,U8. 2.FV0.2.F1 1.0 1 

!„.    FORMAT II X, 30 HT Or M    PRe5SU0E    
102 FORMATU X,<.0H"A"   WEIGHTED   PRESSURE  
103 FORMAT I U, '.qHTCTAL    "A"   WFIÖrtTEO   POWER  

1 OR . 2 ) 
HH  FORMAT (IX, fclH"*«   HEIGHTEO   PRESSURE- 

1 iF7.2,'tH  Drt4 1 
105   FORMAT (32X,12HHQRSF    POME R= , F6 . 2, 2HHP i 
110   FORMATCFIO. 3) 
120   FORMATI37X,ÖH0SU-FPRCI 
130   F0RMAT(26X ^"JH^COUST 1CS    LABIRATURY    DATA   LOGI 

.   FORMATI 2X,'.HFREg,6X, WPRfSS.öX.SrtäKG^X^HCnRP ,7^ .SH'-A" 

lSHP0WEn,bX,6HfiEL-2Ü, hX, <.HFREO I 
150   FORMAT ISOri   mmm> 

169 FORMAT (////) 
170 FnRMAT(25X,29HSrSTEM   PARAMETERS    FOR   0SU-NP-,I2I 

FORMAT! IX, qHPRESSURE = , I <., W» S! ,2 X ,6'U NLE T= ,U ,3HPS I ,2 X, 

RELATIVE   TO   2J   MH/M»»2 

6X, 
IAO 

iMummmmMam 

:=. = ) 

175 
16HSPEE0=, l<.,3HBl>M,2X, 10HFL0W   RAT E-.F',. I, IHG, 2X, 
712HTEMPERATURE=,F<..! ,IHC1 

STOP 
'NO 

00002020 
00002030 
000020'.0 
000J2050 
00002060 
00002070 
30002080 
OUOÜ20B5 
00002090 
00002100 
00002110 
00002120 
00002130 

I DBAI0OOO21'.O 
0Ü0O2150 
00002160 

 00002170 
00OD21«J 
O00O21d5 
00002190 
00032200 
OOU02210 
00002220 
00002230 

.*3C3e000022<>0 

OOOJ2250 
Ü00J2260 
00002270 
00002280 
00002290 
00032300 
00002310 
00002320 
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^ T ^r 

DATA FILE   STRUCTURE   FOR FLUID-BORNE  NOISE  WITH   PARAMETERS 

LISTED   IN  ORDER  OF OCCURRENCE   IN   DATA  FILE   - 

1 

A(I,n 

C(I,1) 

N,   M 

TX 

NP 

NPR 

IP 

NS 

FR 

TEM 

PUB(I,N) 

PRB(I,M) 

The  21   third-oclave  center   frequencies  to  be  used  in 
the  program  (7F10.1). 

The  21   correction  factors   to   convert   dB  to  dBA. 

N  - The number of sets  of  unknown  source  measurements 
to  be  averaged. 

M  - The  number  of instrumentation background noise 
measurements   to  be  averaged   (215) ■ 

Transducer correction  factor  (15). 

Pump   identification number   (15). 

System pressure   (15). 

System rpm (15) . 

Flow rate in gpm (F5.1). 

System temperature (F5.1). 

The N sets of 21 measured values for the unknown noise 
source. 

The M sets of 21 measured values for the background noise 
measurements. 
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111 HENS ION   A(21 , 10 1 ,VUH( 21 , 10 I, V d ( 211 1 0) .C( 211 ,J(1( 211 , 
UPZiai).AP3C21I .CP(2 1I,UP(2' I 

Ü0UBLB   PRECISIPN   A.VUH.V^tJ.C 1AP2.4P3.:P.DH,IJP,TP ,0B1 ,Dt)A, 
1 AC.VE, 01 

rtEAO   T HF   21    1/3   '.ICTAV F 
USFO   IN   THlS   PBOCRAM. 

70 

P9 

1 1 
12 

CENTER   FREQUENCIES   TO   BE 
FORMAT (TFIJ .1 I 

■if &U(5 i2ül t A( 1 , 
FOKMATI7F10.ll 
CONTINUE 

1 I ,1=1 ,21 I 

READ    IN   THE    MJM^FR    OF   MEASURMENTS    TO   BE   AVERAGED--! 
MEASUä^ENTS   FCR   THE   VIPRATICN   SHURCE,   M   FTH   THF 
BACKG3CJNU   NOIS*.    FORMAT!2151 

REAOIi.lOIN.M 
10   PCRMAT (?i 51 

■<FA,)   IN   THE    "VOLTAGE   " U   ACCELERATION"   TAANSOUCEF 
C0H«ECT10^   FACTOR    1F10.8I 

RCAOI5,9SITX 
FU"MAT (F10.8 I 

■(EAU    IN   THE   SYSTEM   PARAMETERS.      NP'PO^P   NUMBER, 
NPR = SYSTCM   OUTLET   PRESSURE .   IP=SVSTEM   INLET    PRESSJRf, 
NS'SYSTFM   )PMt    PJ=SYSTFM   FLJW   RATE,    T5M=SYSTEM 
TEMPtRATynf 

RFA0(5 ,12 1NP 
R^AOI5,12INPR 
RFA0(5,12IIP 
READIS ,12 INS 
REAOC 5,lllFa 
RFA0(5, 1 1 ITFM 
FORMAT IF5.1 I 
FORMAT! 1 SI 

RFAJ   IN   THE   MEASURED   VALUES   FOR   THE   VIBRATION   SOURCF 
FORMAT (7F10.I I 

<fA0!5,2OII!VUR!I,Jl,I-l,2'. I,J»1,NI 

FINO TrE AVERAGE JF N MEASURMENTS F3R EACH 1/3 OC Ti VF 
HAND FOR THF VIBRATION SOURCE 

00000050 
00000060 
00000070 
00ÜÜO080 
00000090 
00000100 
00000110 
00000123 
00000130 
000001 ".O 
000001 50 
00000160 
00000170 
30000630 
000006'.0 
00000650 
00000660 
000006 70 
00000680 
00000690 
00000691 
0000069? 
00000b93 
000006 94 
00000695 
00000696 
000006 97 
00000698 
00000699 
00000701 
00000711 
00000712 
00000713 
0000071'. 
00000715 
00000716 
03000717 

00000718 
00000720 
00000730 
000007<.0 
00000750 
00000760 
0CO00770 
00000780 
00000790 
00000800 
00000810 
00000820 
00000830 
ÜOOOOÖ'.O 
00000850 
00000860 
00000860 
00000890 
00000900 
00000910 
00000920 
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IW - L 'VM 

^ 

OC   -.0    1=1.21 
4V=Ü. J 
00    30   J= 1,N 
4V = AV»VÜ R( I i .1 I 

■JO  C0NT1 NUE 
41 I, 2)=av/N 

^Q   CONT INUf 
r 
c 
c 
c 
r 
C 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 

»FAÜ    IN   T Hf    HEAS'JRtD   VAUUFS   FOR    THE   Q4CKGKnUNb 
r-QKMÄKTFlO. 1) 

HÜ 

-ITAülO ,2ül ( ( VHb( I .Jl  , I =1 ,211 iJ«l iN| 

H Nil    rut    iVFRA&P    OF    M   MEASU^MEMS    FU1*   EACH   \/1   OCT 47 c 
l\4NÜ   FOH    THE   ÜAC.GRÜUNO 

DJ    7 0    I=1.?1 
4tt=0.J 
in   60   J=l,M 
'\H=4b»VRBl 1, J I 

^0   CONTINUE 
D8I 1 I «Ab /M 

70   O'MT INU11 

"JAU   IN   tH^    TUA4S0XEK   CnuÄCCTIUN   F4CTOKS   AT 
EACH   1/3   OLTAVF   CENTER    FRe0UEMCy 

■»EACIi ,201 IUP( I 1, 1 = 1 ,211 

COMPUTE   THE   ACCELtRAT ION.   VELOCITY,   A^JO 
PI SPLACf MhNT 

00    80   1=1,21 
AP1! I l = ( ^., 10.»»M »I 10.»»(A( I, 2) /20. I) 
AP? tn ■(5./ia.**6i»Jio.»»(oftii i/zo.i i 
CP(ll»AP2('l-AH3II)»UP(II»(4P2in-AP3IIII 
IF (AP3 (I ).&t.AP2( I HCPI M= 1 ./lO.**3.5 
il I , II =CP( I 1 /Tx 
4( I , 5I=4( I , -«l/Ai 1, II 
A( I ,7MA( I,S )/ A( I, 1 I 
4(1 ,'.| =2C.* (DlüC,10(A( I ,31 l*S. I 
41 I,öl = 2J.*( OLCGlont I ,51 1*8. 1 

.•(OLOGIOUI 1,7 ) l»ll. I 4( I ,8 1 ^2 0. 
AM , O; =.-. I 1 ,1 I 

CONT INUF 
AC-O.Ü 
Vr = 0.0 
01 »0.0 
00   fll    1=1,21 

00000930 
OOOOO'J'.O 
00000950 
00000960 
000009 70 
000009rt0 
00000990 
00001000 
00001010 
00001020 
00001030 
OOOOIO'.O 
OOOOIOSO 
00001060 
00001070 
00001080 
000010 .0 
000011 JO 
00001110 
00001120 
00001130 
oooomo 
00001150 
0DQO1160 
00001170 
000011H0 
00001190 
000012 JO 
00001201 
00001202 
0000120? 
0U0012 0'. 
00001205 
00001:06 
00001210 
000012!1 
00001212 
OOOOl?!1 

0000121«. 
ooooijr 
0000121h 
0 JOJ1220 
OOOJl230 
OOOOW'.O 
00001250 
00001255 
000012^. 
OOOÜ127J 
00001 2HÜ 
0000129) 
00001300 
00001310 
00001320 
00 001330 
00001 3',J 
00001351 
00001360 
00001370 
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~^r 

^ 

AC=aCfi\( l .31 
VOVE*At I ,5) 
DI = OI*A( 1.7 1 

81   CONTINUE 
«C-20.»(ULO&10( A: 1» 5. 1 
Mii-zo .»(OLOGlorvE(»a.i 
QI S = 20.» (OtOGlOdM Ifll . 1 
WRITt(fa.1691 
WB1T=|6,)201 
HftI TF (6,nül 
-HITE( t, 15UI 
^klTFtb, I'.Oi 
H«I TF (6. 1011 
WR ITE( 6, 1S0I 
^HITEIfc.lÜÜll(A(l,JI.J«!,' l,I»l,211 
WRI Tf ( b, 15ÜI 
V.P ITEI6.40 l&CCVFL .OIS 
«RITF(b,9^IAC,VE,J I 
wRl TP1 b, ISÜ1 
wRITElb.110INP 
**\ TE(b.l 751 NPP . I ^.NS.FH.TEH 
^"I TF( f , 1501 
nRITEIb, lb9 1 

<,U   FnPMATtlX.WHTOTAL    LEVELS    ( JH I , ? X , FS .1 . I 3X , F 6 .1, lU, F b. 
95   FORSATl IX. 12HTUTAL   L E VEL S . 5x. E 8. 2 .11 X .E H. ? .U X ,F 8, 2 1 

100 FaRMAT(lX.F6.0.F7.l,F12.2.F7.l.El2.2,FT.l,E12.2.F7.1,F9 
101 FURMAT(lOX.2HUB.bXI6HM/S»*2.5X.'HD0.7X.3HM/S.7X.2H0b.B>. 

\rtl 
120   FTRHAT(37X.8HnSU-FPRCI 
130   FnRMATt2bX.29HaC0USTICS   LAf.O^ATURY   OATA   LOGI 
I'.O   FOPKAT(2X.'.HFHFJ,3X, 5HINPU :. 5X. 1 2HACCELE ^A Tl ON .-JX. 8H VE L 

1 HOI SPLACE MENT .bX .".HFOECI 
150   FOPMAT(UCH   *•»••••«•»•**•*•«>*••**•**•**•***••*»•*•«**** 

lo9   F0RHATI////1 
170  ^DPrtATI 25X,29HSYSn M   PARAMETERS   FOK   OSU-NP-,UI 
1 7 5    FORMAT (1X.9HPRFSSU><F=. I«. 3MP S 1, 2X,bHlNL':T=,; 1.3HPSI .2X. 

IbHSPEED»,! '.,3HPPH,2X.10HFLCH   R AT E= , F*. . 1 ,1 HC. 2A . 
212HTEMPEflATURE = .F'.. 1, IHCI 
S'OP 
END 

00001380 
30001390 
00001'. 00 
OOOOl'.lü 
3000U20 
00001 '.30 
OOOOl'.'.O 
ooooiwao 
0C0Ol'.90 
00001500 
00001510 
00001520 
J0001530 
000015<.0 
00001550 
009015b0 
00001570 
00001580 
03001590 
OOOOlhOO 
OOuOlblO 
0300lb2O 
00001030 

11 OOOOlb'.O 
0000lb50 

.01        OOOOlbbO 

. IHM,8X. 2H00000lb70 
000015SO 
0000lb9ü 
30001700 

0C1 TV,9X .1200001710 
00001720 

•••«««***««OOOO1730 
00001 7',0 
OOOOl^^O 
30001760 
OOC01770 
00001780 
00001790 
00001800 
0U001810 

r 
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DATA FILE  STRUCTURE   FOR  STRUCTURE-BORNE  NOISE  WITH  PARAMETERS 

LISTED   IN   ORDER  OF  OCCURRENCE   IN  DATA  FILE   - 

A(I,   1) 

N,   M 

NP 

NPR 

IP 

NS 

FR 

TEM 

VUB(I,N) 

VBR(I,M) 

UP(I) 

The  21   third-octave   center   frequencies   to  be  used (7F10.1). 

N  - The number of sets of  unknown noise   source measurements 
to  be   averaged. 

M - The  numbe'.  of   sets  of   instrumentation  background noise 
to  be   averaged   (215) . 

Pump   identification  number   (15). 

System pressure   (15). 

System rpm  (15). 

Flow rate in gpm (F5.1). 

System temperature (F5.1). 

The N sets of 21 measured values for the unknown source 
(7F10.1). 

The M sets of 21 instrumentation background noise measure- 
ments (7F10.1) . 

Tht 21 transducer correction factors. 
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APPENDIX F 

TEST  CODE  FOR MEASURING  AND  REPORTING SOUND 

GENERATED  BY   HYDRAULIC PUMPS 

NOTE:     This document  represents  the project  staff's   interpretation  of 
the  guidelines  outlined  at   the May  1973 meeting of   ISO/TC 131/ 
SC8/WG1.     Supplementary  information  has  been  added,   when   it was 
thought  that  such information  would help  to   clarify   the  intent 
of   the  document.     A draft   document  from ISO/TC 131/SC8/WG1 
should be  completed by  mid-197A. 
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TEST CODE FOR MEASURING AND REPORTING SOUND 
GENERATED BY HYDRAULIC PUMPS 

1.0  INTRODUCTION 
1 

In hydraulic fluid power systems, power ia transmitted and controll- 
ed through a liquid under pressure within an enclosed circuit.  Pumps 
convert mechanical power into hydraulic fluid power.  Some noise is created 
during the power conversion process.  The sound level which results be- 
cause of noise emitted by the pump is an important consideration in com- 
ponent sei' :tion. 

2.0  SCOPE 

To prescribe procedures   for  the  determination of   the  sound power 
level of  a hydraulic pump under  controlled conditions of  installation 
and  operation suitable   for providing a basis  for  comparing  the   airborne 
noise   levels of  pumps: 

2.1 in terms of  A-weighted  sound power level. 
2.2 in terms of octave-band, sound-power levels. For 

general purposes, the frequency range of interest 
includes the octave bands with center frequencies 
from  125   to  8000  Hz. 

2.3 excludes  the  determination of  directivity  characteristics 
of  the  acoustic  radiations. 

3.0    FIELD OF APPLICATION 

This  document   Is applicable  to  all  types of  hydraulic fluid  power 
pumps operating under  stated  steady-state  conditions,   irrespective of 
size except  for limitation imposed  by size of  test  environment. 

4.0     MEASUREMENT  UNCERTAINTY 

Measurements made   in  accordance  with this  International  standard 
tend  to  result  in  standard deviations which are equal  tc or  less  than 
those  given in Table  I.     The  standard deviations  taken  into  account   the 
cumulative effect   of  all   causes of measurement  uncertainty,   excluding 
variations  in the  sound power of  the  source  from test  to  test.     For  a 
source  which emits noise  with a  relatively  flat  spectrum in  the  100  to 
10,000  Hz  frequency  range,   the  A-weighted  sound power  level  is determined 
with  a standard deviation not more   than 2 dBa. 

5.0    TERMS  AND DEFINITIONS2 

Text  will  be modified   by WG1 To  be   completed  by WG1 
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TABLE  I:     STANDARD DEVIATION   (IN  dB)   OF  SOUND POWER LEVEL  DETERMINATION 

Test 
Environment 
(See Section 8) 

Grade of Octave Band £ 
m 

125 250 500 1000-AOOO 8000 

Anechoic Precision 1.0 1.0 1.0 0.5 1.0 
Semi-Anecholc Precision 1.5 1.5 1.5 1.0 1.5 
Reverberant Precision 3.0 2.0 1.5 1.5 3.0 
Semi-Anechoic Engineering 3.0 2.0 2.0 1.5 2.5 
Semi-Reverberant Engineering 5.0 3.0 2.0 2.0 3.0 

TABLE  II:     DOCUMENTS TO BE USED FOR TEST FACILITY PERFORMANCE QUALIFICATION 

Environment 
in Grade of 

Facility Measurement Applicable Document 

Ane cho i c Precision Annex A of DISxxx (Part V document) 
Seml-Anechoii. Precision Annex A of DISxxx (Part V document) 
Reverberant Precision See Annex to DIS 2946 
Semi-Anechoic Engineering Annex A of DISxxxx Part IV 
Semi-Reverberant Engineering See Section 3 of DISxxxxx (part III 

document 
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6.0     SYMBOLS 
1 

7,0     REFERENCES 
1 

8.0  TEST ENVIRONMENT 

Tests are to be made using one of the acoustical environments listed 
in Table II.  The test facility must meet the measurement performance 
requirements (standard deviation limits) indicated in the appropriate doc- 
ument . 

9.0  INSTRUMENTATION 

9.1 Instrumentation to measure oil flow, oil pressure, pump speed, 
and oil temperature is to be in accordance with the proposed 
SCf) pump testing document for 'industrial class' accuracy of 
testing. 

9.2 Instrumentation of the acoustical measurements shall comply 
with Section 4 of the ISO/TC 43 documents on the "Determination 
of Sound Power Emitted By Noise Sources." 

10.0  INSTALLATION 

10.1 The hydriulic circuit is to include oil filter, oil cooler, 
and reservoir and restrictor valves as required to meet the 
pump hydraulic test conditions. 

10.2 The test fluid and filtration level shall be in accordance 
with manufacturer's recommendations. 

10.3  Inlet and discharge line diameters shall be to the manufac- 
turer's recommended installation practice. 

10.A Exercise extra care in assembling inlet lines to prevent air 
leakage into the circuit. 

10.5  Locate inlet restrictor valves required as far as is practi- 
cal upstream of the pump to minimize aeration to pump inlet 
port. 

10.6  Locate the inlet pressure gauge at the same height as the in- 
let fitting or calibrate gauge for height difference. 

11.0  MECHANICAL EQUIPMENT 

11.1 Wrap all fluid lines and load valves in the test space with 
acoustical barrier material as desired.  A suitable material 
will have at least 10 dB transmission loss at 100 Hz and 
higher frequencies. 

-■> >■ A. rr—-"uf- t^m 
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11.2     Locate  the  drive  mator outside   the  test  space   and  drive   the 
pump through  a   long  shaft   or  isolate  the motor  in  an enclosure, 
Construct   the  pump mounting  so  that   it  uill  minimize   the   sound 
radiated  by  it  due   to   pump vibrations.     Vibration   isolation 
techniques   can   be   employed  even   if   the  pump   is   usually  solidly 
mounted. 

11.4     The  size  of   flange  mountings  shall   he  as  small   as  practical 
to minimize   interference  with  radiation of  sound  towards   the 
shaft end of   the  pump. 

12.0     OPERATING  CONDITIONS   &  TEST  PROCEDURE 

12.1 Background Measurements 

12.1.1 Disconnect   the  drive  shaft   coupling at  the  pump. 

12.1.2 Operate  the  pump drive  system at   the   speeds  at 
which pump  will   be   tested. 

12.1.3 Obtain  the  background mean  levels  in each  octave 
band  of  interest  and   the   "A" weighted   total   level 
or linear  total   level  in dB. 
NOTE: It is recommended that the background levels 
be obtained while the system is operating under test 
conditions with the pump covered by a sound isolator 
with a noticeable transmission loss. If, after pro- 
perly covering the pump, the recorder sound level 
does not noticeably decrease, then it is highly pro- 
bable that the measured level is not associated with 
:he  pump,   and   the   test should  ' ;  rejected, 

12.2 Pump Measurements 

12.2.1 Connect  the  pump drive  coupling. 

12.2.2 The  pump  should be  operated  for  a sufficient   time  to 
purge  air  from the  system. 

12.2.3 Operate  the   pump  at   conditions  specified  for  the 
test.     Stabilize  all variables  including  fluid 
condition.     Maintain  conditions within   limits  spe- 
cified  in Table  III. 

TABLE III 

Test  Parameter Maintain Within+ 

Flow 
Pressure 
Speed 
Temperature 

2% 
U 
27, 

30C. 
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12.2.A Keasure temperatures and pressures at pump inlet and 
discharge fittings or at test station provided by 
manufacturer. 

12.2.5 Measure pump mean sound pressure levels in each octave 
of interest and the "A" weighted total level or linear 
total level in dB. 

12.2.6 Near the end of a test serie^ or after one hour of test- 
ing, repeat the conditions rui: early in the series.  In- 
validate the test series if the measured sound level does 
not duplicate that ot the earlier test within 2 dBA, 
uncorrected. 
NOTE:  Some pumps must wear-in before their sound levels 
become stabilized.  Step 12.2.6 is only necessary with 
new or rebuilt pumps. 

10.3 Calculation of Sound Power Levels 

12.3.1 Correct octave band pressure levels and "A" weighted 
sound levels for backgroudn noise in accordance with 
the appropriate section of the ISO/TC A3 documents on 
the "Determination of Sound Power Emitted By Noise 
Sources." 

12.3.2 Void the test if the difference between the pump and 
background levels is less than A dBA,  Exception:  A 
manufacturer can use such data where the error prejud- 
icial to his product is deemed acceptable. 

12.3.3 Calculate octave band power levels and A-weighted sound 
power in accordance with the appropriate section of the 
ISO/TC A3 documents on the "Determination of Sound Power 
Emitted By Noise Sources," which applies to the space 
being used for the measurements. 

13.0 METHODS OF ACOUNSTICAL MEASUREMENT AND POSITION OF MEASURING POINTS1 

13.1 When measurements are made under free field, free field over 
a reflecting surface or semi-reverberant conditions, the 
microphone positions shall be arranged over a hemispherical 
surface centered about the center of the projection of the 
pump on the reflecting plane. 

13.1.1 The radius of the hemispherical surgace shall be 
more than twice the maximum dimension of the pump 
(ignoring minor projections such as the shaft) but 
no less than one meter. 

Final recommendations to be prepared by Dr. Brownsey, Chairman WG-1, 
Notes are from previous documents. 
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13.1.2.     Use  at  least   four positions   located  central  to equal 
areas of   the  hemispherical  surface.,     (See  Table   IV 
and Fig.   4. 

TABLE  IV:     COORDINATES   FOR FOUR-POINT  MICROPHONE ARRAY 

X I z. 
r r r 

-.40 .74 .53 
-.40 -.74 .53 

.84 0 .53 
0 0 1.00 

13.2 For measurements made under reverberant conditions, a single 
microphone position can be used if adequate diffusion has been 
s'.iovm to f^xist in accordance with Paragraph 8.0. 

14.0  QUANTITIES TO BE MEASURED 

15.0  CALCULATION AND INTERPRETATION OF RESULTS 

16.0  TEST REPORT 

16.1 An A-weighted sound power level and octave band sound power 
levels for the bands of interest shall be repotted for each 
set  of operating conditions  specified. 

16.2 A complete  set  of operating conditions consists of: 

16.2.1 Shaft  Speed 
16.2.2 Discharge  Pressure 
16.2.3 Inlet Pressure 
16.2.4 Inlet Temperature 
16.2.5 Fluid Viscosity     (es,   SUS) 
16.2.6 Output  Flow  (%Displacement) 
16.2.7 Case Pressure 

16.3 The  following data  shall  also  be   recorded  for each pump  tested; 

16.3.1 Pump Description 
16.3.2 Date of Test 
16.3.3 Type of Fluid 
16.3.4 Compensator Pressure Setting 
16.3.5 Location of Test 
16.3.6 Type of  T st  Space 
16.3.7 Results of Test  Space Verification 

1 
2 
Paragraph 14.0 to be prepared by UK delegation to WG1.  Paragraph 15.0 
to be prepared by French delegation to WG1. 
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TABLE  V-A:     EXiVO'LE  DATA  FOR  EACH  PUMP TESTED 

Pump   Description 

Fluid 

Date of Test 

Location of Test 

Compensator Pres3ure Setting 

Type of Test Facility 

Results of Test Facility Verification 

TABLE V-B:  EXAMPLE DATA SUMMARY FOR ONE OPERATING CONDITION 

Shaft Speed 

Inlet Temperature 

Fluid Viscosity 

Cace Pressure 

Discharge Pressure 

Inlet Pressure  

Output Flow   

%  Displacement 

Octave Band 
Center Frequency 

(Hz) 125 250 500 1000 2000 4000 8000 

Sound Power 
Level 

1     (dB) 

Sound Power dB A 
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ALL   DIMENSIONS   IN   METERS 
D^I/6R 

X-Y PLANE IS   THE REFLECTING PLANE 

Fig. F-1.  Four-Point Measurement Array for Non-Reverberant E 
nvironments With Small Sources. 
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APPENDIX G 

TEST  CODE  FOR MEASURING AND  REPORTING  FLUID-BORNE  NOISE 

EMITTED BY  HYDRAULIC  FLUID  POWER PUMPS 

NOTE:     This  document  is  a rough draft  ot   one  basic  approach   to measuring 
pump  fluid-borne noise.     It   is   intended only  as  a guide  for   the 
development  of   a  test  code.     Another  basic  approach  is  outlined 
in  Chapter  II. 

L 
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TEST  CODE  FOR MEASURING AND REPORTING  FLUID-BORNE NOISE 
EMITTED BY  HYDRAULIC   FLUID  POWER  PUMPS 

- INTRODUCTION   - 

Tn hydraulic   fluid power  systems,   power   is   transmitted and  controll-r 
ed  through  a  liquid  under  pressure  within an enclosed  circuit.     Pumps 
convert mechanical  power into hydraulic  fluid power.     Pressure  pulsations 
are   created   in  the  hydraulic  fluid  during  the  power  conversion process. 
These   pressure  pulsations  transmit  vibrational  energy  to  fluid  conduits 
and other  components.     The  transmitted pulsations may ultimately cause 
airborne  noise.     A pump's  potential   for  directly  causing airborne  noise 
is   an  important   consideration  in  component   selection.     The  results of   this 
procedure might  be  used  to compare   the  pressure  pulsations caused  by  two 
different   pumps. 

1.0    SCOPE 

To   include   the measurement  and  reporting of  the  pressure  pulsations 
caused  by  any hydraulic  fluid power pump. 

2.0    PURPOSE 

To  provide   a means of  comparing  pressure  pulsations associated  with 
hydraulic  fluid  power pumps where  the  comparable  data have  been measured 
and  reported  according  to a  specific  test  procedure. 

3.0    TERMS  AND  DEFINITIONS 

A.O    UNITS 

A.l    The   International System of  Units   (SI)   is used in accordance 
with  Ref.  No.   3. 

A.2     Approximate  conversions  to   "Customary U.S." units are  give  for 
informational  purposes..    These  appear  in parenthesis  after  their 
SI   counterparts. 

5.0     LETTER SYMBOLS 

6.0     GENERAL 

6.1 Set  up  and maintain apparatus  per  sections  7  and  8. 

6.2 Run  all  tests per Section  9. 

12A 

•  i   «^ ik. 



6.3    Present  data  from Section  9 per  Section 10. 

7.0     TEST   EQUIPMENT 

7.1 Hydraulic Equipment 

7.1.1 The hydraulic circuit is to include oil filter, oil 
cooler, and reservoir and restrictor valves as re- 
quired to meet the pump hydraulic test conditions. 

7.1.2 The test fluid and filtration level shall be in ac- 
cordance with manufacturer's recommendations. 

7.1.3 Exercise extra care in assembling inlet lines to pre- 
vent air leaking into the circuit. 

7.1.4 Locate inlet restrictor valves upstream of the pump as 
far as practical to minimize aeration to pump inlet port, 

7.1.5. Locate the inlet pressure gauße at the same height as 
the inlet fitting or calibrate gauge for height dif- 
ference. 

7.1.6 Use a needle valve (load valve) to create the required 
pump outlet pressure. 

7.1.7 Locate the load valve at least 25 feet downstream of 
the pump outlet. 

7.1.8 Lccate a piezometer tube, constructed per Ref. 5 and 
of the same tube size as the pump outlet, as close as 
practical to the pump outlet. 

7.1.9 Inst.-.M a pressure pulsation attenuator, which dampens 
20 db at 100 Hz and higher frequencies, downstream 
of the piezometer tube but upstream of the load valve. 

7.2 Mechanical Equipment 

7.2.1     Construct   the  pump mount  so   that it will not  add  to  or 
detract  from the pressure pulsations. 

7.3 Test  Circuit 

7.3.1    Verify the suitability of  the  test circuit per the 
appropriate  procedure. 

7.4    Measuring Instruments 

7.A.1    Acoustical  Analysis  Instruments 

7.4.1.1    Secure  instrumentation that  complies with the 
measuring  instrument  requirements of  Ref.   4. 

f 
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7.4.1.2  Calibrate the measuring instruments per Ref. 4. 

7.4.2 Measure temperatures and pressures at the pump inlet and 
discharge fittings. 

7.4.3 Pressure Instrumentation 

7.4.3.1 Secure a dynamic pressure transducer and associated 
conditioning equipment which has an output volt- 
age linearally proportional to pressure within + 4% 
over a frequency range of 100 Hz to 10,000 Hz and 
a time constant of less than 15 seconds. 

7.4.3.2 Insure that each unit in the pressure instrument- 
ation system is calibrated at least every six months, 

8.0 TEST CONDITIONS ACCURACY 

Set up and maintain equipment accuracy within the limits of Table I. 

TABLE I:  TEST CONDITIONS ACCURACY 

Test  Conditions SI  Unit U .8.   Unit Maintain Within          j 
+                           | 

Flow X./min U .S.   GPM 2%                            i 

Pressure,   Pump 
Inlet 

(Positive)   bar 
(Negative)mm Hg 

psig 
in Hg 

2%                            i 
2% 

Pressure bar psig 1% 

Speed RPM RPM 2% 

Temperature 0C 0F 30C(50F) 

9.0 TEST PROCEDURE 

9.1 Transducer Preparations 

9.1.1 Attach pressure transducer to piezometer tube with a 
minimum of tubing. 

9.1.2 Insure that no air is trapped in the connecting line 
between the transducer and the piezometer tube. 

9.2 Pulsation Measurements 

9.2.1 Operate the pump at conditions specified in the test 
requirement. 
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9.2.2 Insure that the pump has been operated at test conditions 
for one hour previously or operate at specified conditions 
for one hour. 

9.2.3 Stabilize all test conditions. 

9.2.A Wait 60 seconds after reaching a stabilized operating 
condition before proceeding to Clause 9.2.5. 

9.2.5 Obtain measured pulsation mean levels in dB at each oc- 
tave band center frequency between 125 Hz and 800Ü Hz. 

9.2.6 Convert measurements of Clause 9.2.6 to dB values rel- 
ative to 2ChiN/MT 

9.2.7 Record the results of Clause 9.2.6 (See Table II.) 

10.  DATA PRESENTATION 

10.1 Prepare a data summary using the results of Section 9. 

10.2 Use Table II as an example summary. 

10.3 Include the following information on the summary: 

10.3.1 Pump Description 

10.3.2 Fluid Viscosity (cSt, BUS) 

10.3.3 Date of Test 

10.3.A     Location of Test 

10.3.5 Shaft  Speed 

10.3.6 Discharge Pressure 

10.3.7 Inlet  Presse..» 

10.3.8 Inlet  Temperr^ure 

10.3.9 Type of  Fluid 

10.3.10 Output Flow (fur variable displacement units; also 

state percentage displacements, i.e. 90%, 5%, etc.) 

10.3.11 Case Pressure 
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10.3.12 Compensator Setting 

10.3.13 Type of Pressure Transducer 

10.3.14 Results of Test Circuit Verification 

JUSTIFICATION STATEMENT 

(To be included following completion of the review process.) 
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TABLE   II-A:     EXAMPLE   DATA  FOR EACH  PUMP TEST 

Pump  Description 

Fluid 

Date of Test 

Location of Test 

Compensator Pressure Setting 

Type of Test Circuit  

Results of Test Circuit Verification 

TABLE II-B:  EXAMPLE DATA SUWARY FOR ONE OPERATING CONDITION 

Shaft Speed 

Inlet Temperature 

Fluid Viscosity 

Case Pressure 

Discharge Pressure 

Inlet Pressure  

Output Flow  

%  Displacement 

Octave Band 
Center Frequency 

(Hz) 125 250 500 1000 2000 4000 8000 

Sound Pressure 
Level 
(dB) 

Fluid-borne  Noise  Level dBA  (re 20 UN/Ml 
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